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THE ENVIRONMENT INSTITUTE 
1 993 has been a year of continuity 
and consolidation of operations, as 
well as of some growth with respect 
to the number of tasks entrusted to 
and to the structure of the Institute. At 
the very beginning of the year, the 
European Chemica l Bureau was 
formally created by a Decision of the 
European Commission and establi-
shed as an additional Unit within the 
structure of the Institute. The new 
internal organisational structure of the 
Institute now encompasses 10 scien-
tific Units - in addition to the admini-
strative one - reflecting with greater 
evidence the two pillars on which the 
bulk of the research activities rests, 
namely, Global Change and Environ-
mental Chemicals. 
The scientific Units are: 
- Atmospheric Physics; 
- Atmospheric Chemistry; 
- Atmosphere-Biosphere - Interactions; 
- Environmental Chemicals: Soil 
Water, Waste; 
- Environmental Chemicals: Indoor 
Pollution; 
- Environmental Chemicals: Life 
Sciences; 
- European Chemicals Bureau (ECB); 
- European Centre for the Validation 
of Alternative Testing Methods 
(ECVAM); 
- Environmental Informatics; 
- Food & Drug Analysis. 
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In September, fo l l ow ing another 
decision of the European Commis­
sion, the European Office for Wine, 
Alcohol and Spirit Drinks (EOWAS| 
was created and established within 
the structure of the Food & Drug Unit, 
while the procedure has been started 
to set­up the European Reference 
Laboratory for Air Pollution (ERLAP), a 
successor of the Central Laboratory 
for Air Pollution (CLAP) ­ to be placed 
with the Atmospheric Chemistry Unit, 
The above c lear ly show a more 
marked shift of the Institute's core 
activities toward the "S & Τ Support 
for the Commission Policies" area, 
thus strengthening further the Institute's 
institutional role. This shift is also 
con f i rmed by the share of the 
o p e r a t i o n a l c red i ts , wh i ch is 
presented in graphical form together 
with other statistics aimed at helping 
to assess the value of the Institute's 
contribution to the development of the 
Framework Programme and to the 
implementation of the Commission's 
environmental policy. 
Despi te the g row th of bo lh the 
number of the tasks and of lhe 
structure of the Institute, the level of 
statutory s taf f ing cou ld not be 
increased, new recruitments having 
¡ust balanced departures. As a matter 
of fact, instead of growing up to 2 l 5 
­ as scheduled for the end of the year 
­ the Institute's staff number has 
remained 197, i.e. at about the level 
of the preceeding year. This has 
been partially counterbalanced by a 
slight increase of non­statutory staff 
(grantholders, v is i t ing scientists, 
seconded national experts) from 80 ­
as in Ì 9 9 2 ­ to 9 5 , which corres­
ponds to as much as 5 0 % of the 
statutory staff. 
Two new large facilities have been 
inaugurated and made available for 
research work, namely: 
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­ the Indoortron, α large volume, 
walk­in test chamber for indoor air 
pollution studies, and 
­ the intercalibration laboratory of the 
Central Laboratory for Air Pollution, 
w ich plays a fundamental role in the 
draf t ing and the app l i ca t i on of EC 
directives concerning air pollution. 
Ef for ts to i m p r o v e the p r e s e n t 
organisat ion of the space al locat ion 
in the Institute have con t inued . The 
construction of a new bui lding to host 
E C V A M was started, the inauguration 
of the new premises being scheduled 
for the s e c o n d hal f of next y e a r . 
Further concentration of staff and faci­
l i t ies w i t h i n c o r e a r e a s is c l e a r l y 
a p p a r e n t in the m a p of the JRC ­
Ispra site. 
The major achievements of 1 9 9 3 are 
presented in the fo l l ow ing sections, 
accord ing to the rationale utilized in 
KECU 
3500 
Evolution of Third Parties Contracts 
the past two annual reports. Section 
1 presents the progress achieved in 
the two main research areas included 
in the "Environment" Specific Research 
Programme, i.e. Global Change and 
Environmental Chemicals. Section 2 
is dedicated to the results within the 
framework of the Scientific and Tech­
nical Support for the Community's 
Policies. Most relevant information on 
the progress of the Exp lora tory 
Research is dealt with in Section 3, 
while Section 4 summarizes the work 
for Third Parties. The Institute 
cont inues to publ ish a b iannua l 
Environmental Research Newsletter, 
wh i ch prov ides in format ion on 
Community research and legislative 
action in the environmental field and 
reaches, free­of­charge, some 4 , 0 0 0 
subscribers world­wide. 
1990 1991 1992 1993 
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1990 1991 1992 1993 
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Executive Summary 
This report is intended to provide a 
rather comprehensive overview of the 
activities of the Environment Institute in 
the course of the year and of its 
major achievements in the develop-
ment of the various projects included 
in the mul t iannual ( 1 9 9 2 - 9 4 ) 
research programme. 
The interested reader should refer to 
the publications in scientific journals -
listed in the last part of this report - in 
which full descriptions of the scientific 
background and technicalities, as 
well discussion of the results achie-
ved, are given. 
As in the preceeding annual report, 
the activities and achievements are 
presented according the fol lowing 
arbitrary scheme: 
- Specific Research Programmes 
- Scientific and Technical Support for 
Community Policies 
- Exploratory Research 
- Third Party Work 
- Participation to EUREKA Actions. 
The last sect ion (Append ices) 
contains a list of papers published in 
scientific journals, scientific reports, 
conferences, oral and poster presen-
tations to congresses, symposia and 
other scientific events, as well as a 
glossary of acronyms and abbreviations. 
1 .SPECIFIC RESEARCH 
PROGRAMMES 
This sect ion encompasses the 
achievements for the pro jects 
inc luded in the areas of the 
Environment Spec i f ic Research 
Programme to which the Institute is 
contributing, i.e.: 
- Global Change 
- Environmental Chemicals 
G l o b a l Change . 
Four act iv i t ies represent the 
contribution of the Environment Institu-
te to this theme, i.e.: 
Tropospheric Chemistry; 
Atmospheric Sulphur and Climate; 
Atmosphere-Biosphere Interactions; 
Environmental Monitoring. 
As far as the first activity is concer-
ned, work has progressed with a 
main focus on the d e g r a d a t i o n 
mechanism of d imethy lsu lph ide 
(DMS) and on me thodo log i ca l 
aspects. The results of the studies on 
DMS are summarized in the account 
of the project entitled Atmospheric 
Sulphur and Climate. Methodological 
aspects have been addressed 
mainly by the active contribution to 
EUPHORE, a multilaboratory EC-
funded project for the construction 
and operation of an outdoor smog 
chamber with unique characteristics, 
in Valencia (Spain). 
Studies a imed at increas ing 
understanding of the global impact of 
natural dimethyl sulphide (DMS), 
anthropogenic sulphur dioxide (S02) 
and soot emissions have continued 
within the Atmospheric Sulphur and 
Climate project, and the progress 
achieved can be summarized as 
follows. 
Within the framework of modelling 
studies, a chemical reaction mecha-
nism for the ox i da t i on of DMS 
initiated by O H radicals has been 
developed and subjected to an 
uncertainty and sensitivity analysis 
which identified some of the key 
inadequacies in the present under-
standing of the chemistry involved. 
Aerosol dynamics model l ing has 
pointed to entrainment of free tropo-
spher ic aeroso l into the marine 
boundary layer, as a mechanism that 
might explain the levels and constan-
cy of the marine aerosol. The results 
provided by the model are consistent 
with the data obtained during the 
' 9 2 Hudson cruise. An ef f ic ient 
aerosol dynamics module has been 
imp lemented in the 3-D g l o b a l 
transport model MOGUNTIA; but so 
far, the particle number concentra-
tions calculated are generally lower 
than those observed. A global emis-
sion inventory has been constructed 
for b lack c a r b o n , g i v i ng total 
emissions of 5.4 Tg C per year from 
biomass burning and 5 Tg C per 
year from fossil fuel use. These 
emissions have been incorporated 
into MOGUNTIA , yielding global 
fields of black carbon mass. 
As far as laboratory investigations are 
concerned, the results of chamber 
experiments indicate that the relative-
ly stable intermediate formed by the 
ox idat ion of DMS in air has the 
structure C H 3 S ( 0 ) 2 O O N 0 2 . Initial 
tests have been performed with the 
new aeroso l reactor AERREA1, 
show ing that aerosols from the 
photochemical oxidation of S 0 2 could 
be generated in a reproducible way. 
As for f ie ld measurements, the 
analysis of the data from the ' 9 2 
Hudson cruise has been completed. 
A clear impact of anthropogenic 
emissions on the number of C C N 
over the North Atlantic has been 
quantified. Measurements of DMS in 
oligotrophic and mesotrophic lakes 
showed concentrations similar to 
those of oligotrophic marine water, 
while the eutrophic Lago di Varese 
showed increased concentrations of 
DMS and other vo la t i le sulphur 
compounds. 
Research on atmosphere-biosphere 
interactions has mostly focused on 
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biogenic emissions from Mediterra­
nean ecosystems and their role in 
atmospheric chemistry and ozone 
formation. To this end, an European 
pro ject has been d e v e l o p e d on 
Biogenic Emissions in the Mediterra­
nean Area (BEMA), with the primary 
goal of quantifying emission rates 
and vertical fluxes of reactive trace 
gases from various vegetation types 
typical for that region. Field measu­
rements, laboratory work, and model­
l ing act iv i t ies are used to relate 
biogenic emissions to their resulting 
concen t ra t ions in air and their 
respective roles in tropospheric ozone 
formation. 
A p re l im inary BEMA measur ing 
c a m p a i g n of two weeks was 
o r g a n i z e d by the JRC at the 
Castelporziano (Rome) test site in 
June 1993 , with the active partici­
pation of 1 2 European laboratories, 
in order to optimise future BEMA field 
measurement campaigns. Moreover, 
less intensive measurements have 
been performed at the site, in order 
to characterize the seasonal variabi­
lity of climate, physiology, emission 
rates and concentrations, and to map 
the distribution of the major vegeta­
tion types. 
Two major test ecosystems were 
selected for continuous measurements 
during the campaign: a 30­year­old 
plantation of domestic pine [Pinus 
pinea) and holm oak [Quercus ¡lex), 
with representative shrub undergrowth 
[Erica, Rubus, Cytisus, Pistacia, 
Phyllirea, Myrtus), and a seminatural 
Medi ter ranean greenland, the so 
ca l led "pseudosteppe" a rea , for 
research on low­vegetation species 
[Asphodelus, Calam'mtha, Pteridium, 
Cistus). 
The results from this pre l iminary 
campaign ­ to be discussed next year 
in the course of a special workshop ­
have provided, at first sight, clear 
indications as what to expect from 
future field campaigns and where 
effort should be focused. 
Quercus ilex, Pinus pinea and several 
shrub species show high emissions 
rates of monoterpenes. 
Other shrubs and herbs {Pteridium, 
Myrtus, Erica) are strong emitters of 
isoprene. Generally, it seems that 
b iogenic emissions are two­three 
times h igher than in tempera te 
ecosystems. Up to a five­fold variabi­
lity of average daytime monoterpene 
emission rates from oak (5 ­ 20 fog ' 
(LDW)hour ■]) and pine (1­5 fog ' 
(LDW)hour ']) can be attributed to 
natural variability between branches, 
trees, days and seasons. 
In contrast with emissions by most 
other oak species, the evergreen 
sclerophyllous Mediterranean oak 
emits large amounts of monoter­
penes, despite having no monoter­
penes accumulated in its leaves or 
bark. The typical daily and seasonal 
drought stress on plants growing in 
Medi terranean climate a l lowed a 
physiological control of monoterpene 
emissions to be demonstrated. These 
findings have been confirmed by 
the data from experiments performed 
in the Ispra greenhouse. 
Despite high emission rates, the 
ambient air concentrations of terpe­
nes and isoprene are surprisingly low 
during the daytime and very low at 
night. This may possibly be caused 
by an ef fec t ive d i l u t ion of the 
compounds due to the permanent 
land/sea breeze circulation and to 
photochemical processes, as indica­
ted by daily patterns of ozone, with 
minima close "o zero at night, a 
sudden increase with sunrise, and 
maximum peaks of 5 0 ­ 100 ppb in 
the afternoon. Both nitrogen oxides, 
N O and NO.­ ,were st rongly 
negatively correlated with O., levels. 
Env i ronmenta l Chemicals 
This is a very broad research area 
covering a wide range of activities 
which can be grouped under three 
main headings, namely: 
­ Evaluation of Chemicals, encom­
passing the implementation of the 
ECDIN databank and Trace Metals 
Exposure and Health Effects; 
­ Indoor Pollution; 
­ Chemical Waste and Water Quali ty. 
The implementation of the ECDIN 
da ta bank has con t i nued , and 
identif ications for 1 2 2 , 3 9 2 com­
pounds are included in it at present. 
Updating of the following data files 
has been completed: 
­ Abiotic Degradation; 
­ Concentration in the Environmental 
Media; 
­ Bioaccumulation/Biodegradation; 
­ Mutagenecity; 
­ Experimental Toxicity; 
­ Aquatic Toxicity. 
In addition, the specific data files on 
"Exper imenta l T o x i c o l o g y " and 
"Effects on Reproduction" have been 
updated. A third CD­ROM version of 
ECDIN has also been made 
available. 
Research in the f ie ld of indoor 
pollution has been focused on the 
deve lopmen t and va l i da t i on of 
methods for the assessment of 
emission and adsorption of volatile 
organic compounds (VOCs) from and 
on indoor materials. Results of an 
in i t ia l in te rna t iona l compar i son 
experiment for the validation of a 
16 
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guideline for VOC emission measure-
ments have been published. As a 
follow-up, more-detailed guidance for 
the measurement of VOC emissions 
from thin film sources such as paints 
has been developed and a further 
intercomparison experiment has been 
prepared. An improved model for 
describing the adsorption of VOC on 
indoor surface materials has been 
developed. 
The further equipping and the initial 
application of a walk-in type environ-
mental test chamber (Indoortron) have 
been implemented. The equipment 
for generat ing test atmospheres 
containing a broad range of VOCs 
at typical indoor concentrations has 
been developed, and the chamber 
has been used for testing cleansing 
dev ices . The deve lopment and 
application of the analysis of semi-
volatile organic compounds (SVOC) 
and particulate organic matter (POM) 
in house dust and indoor air has 
continued. Several adsorbents have 
been tested for sampling from indoor 
air and the supercritical fluid extrac-
tion (SFE) of SVOC and POM. An 
inexpensive method for preparing 
high purity C 0 2 for SFE has been set 
up and tested. 
The European Collaborative Action 
(ECA), "Indoor Air Quality and Its 
Impact on Man" , has published a 
report on b io log ica l part icles in 
indoor environments. Work done by 
the ECA has focused on a procedure 
for the evaluation of VOC emissions 
from indoor materials and on the 
question of how good indoor air 
quality and a rational use of energy 
can be reconciled. In addition, work 
on guidelines on VOC sampling in 
indoor environments, and also on the 
design of intervention studies aimed 
at improving indoor air quality in 
buildings, has continued. 
In the field of soil-pollutant interaction 
studies w i th in the f ramework of 
Chemical Waste, research based on 
the comparison of laboratory investi-
gations with observations of natural 
processess and mode l l i ng has 
cont inued. An 1 D hydrodynamic 
t ransport code was coup led to 
routines of uncertainty and sensitivity 
analyses. This coupled code is being 
tested on the basis of the results of 
l abo ra to ry exper iments on the 
transport behaviour of Cr(lll). These 
experiments show that Cr(lll) mobility 
increases considerably due to its 
association with dissolved organic 
matter (humic acids). Alternative 
mechanisms of reactive transport are 
being compared, in order to identify 
the relative importance of uncertain 
variables on the probabil ist ic out-
come. 
Laboratory migration studies were 
performed in parallel, with Se(VI) and 
fractured granite columns, in order to 
ident i fy the phys ico-chemica l 
interactions of Se with fracture-filling 
material. From these experiments, it 
appears that loss of Se(VI) from the 
water flow is due to a redox reaction 
resulting in the formation of strongly 
adsorbed Se species. The surface 
spec ia t ion of Se on iron sulf ide 
present in the granite was investiga-
ted by X-ray Absorption Spectroscopy 
using synchrotron radiation, at the 
SERC faci l i ty in Daresbury (UK). 
Laboratory diffusion experiments of Sr 
in clay were also modelled by using 
a coupled reaction-transport model. 
The influence of surfactant agents 
present in g roundwaters , wh ich 
facilitate the unwanted transport of 
hazardous chemicals in the environ-
ment, is being invest igated. The 
results of studies on PCBs and 
chlorobenzenes underline, by con-
trast, their strong solubilizing effects, 
which may be beneficial in soil reme-
diat ion, aiding desorption a n d / o r 
biodegradation of the poorly water-
soluble organic contaminants. 
In parallel with the migration studies, 
analytical methods have been develo-
ped and validated by inter-laboratory 
comparisons, for the quantitat ive 
analysis of PCBs and organochlorine 
pesticides in various environmental 
samples. Supercritical Fluid Extraction 
and dual column GC-ECD have been 
adopted and a prototype instrument 
has been des igned and tested. 
Headspace solid phase microex-
traction, in combination with ¡on trap 
MS, was also successfully employed 
for the V O C ana lys is . An easy 
quantitative method for the determina-
tion of surfactants in water, using 
continuous flow - fast atom bombard-
ment mass spectrometry (CF-FAB-MS), 
has also been developed. 
As far as water quality is concerned, 
further progress has been achieved in 
the development of the MITO project. 
A second experimental cruise in the 
northern Adriatic Sea showed the 
possibility of detecting algae in very 
low numbers and quanti fying the 
numbers of cel ls and the total 
fluorescence. Concerning the nocivity 
associated with algal blooms, the 
best condi t ions for reveal ing the 
presence of the okadaic acid have 
been studied. This hepatotoxin is a 
wel l -known a lga l product, being 
concentrated by mussels, with the 
liver (or the hepatopancreas) as its 
main target organ. The use of murine 
primary hepatocyte cultures for the 
de te rmina t ion of o k a d a i c a c i d 
toxicity, by measuring vital dye (neu-
tral red) uptake, gave excellent results 
and has been adopted as a stan-
dard method. 
In the context of the A Q U A C O N 
17 
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M e d B a s Project , the A n a l y t i c a l 
Quality Control and Measurement 
Error Assessment Study has been 
developed at the request of the EU 
Member Countries of the Mediterra-
nean area. A number of sub-projects 
have been launched, for organizing 
inter-laboratory analytical exercises 
on var ious matr ices ( ra inwa te r , 
drinking water, sediment, foodstuff, 
waste, etc.). 
2. SCIENTIFIC AND 
TECHNICAL SUPPORT 
FOR COMMUNITY 
POLICIES 
As in past years , sc ient i f ic and 
technical support - in the form of both 
theoretical and experimental rese-
arch and expertise - has been provi-
ded for a number of Directorates 
General or Services of the Commis-
sion, and in particular: 
- Directorate Genera l III (Internal 
Market and Industrial Affairs), for the 
design and the implementation of a 
databank on pharmaceutical products; 
- Directorate General VI (Agriculture), 
for the analysis of wines and dairy 
products, and for the setting up of a 
European databank of wine finger-
prints by Nuclear Magnetic Resonance; 
- Directorate General XI (Environment, 
Nuclear Safety and Civil Protection), 
for several topics of wide concern in 
the field of environmental protection, 
within the framework of the Radio-
act ive Environmental Mon i t o r i ng 
(REM), of the European Centre for the 
Val idat ion of Alternative Methods 
(ECVAM) , and of the European 
Chemical Bureau (ECB); 
- Directorate General XVII (Energy), 
for analytical work connected with 
the control of fissile materials; 
- Directorate General XXI (Customs 
and Indirect Taxation), for expertise 
on the character izat ion of goods 
imported into the European Union; 
- Consumer Policy Service, in the 
framework of a general analytical 
activity concerning, in particular, 
cosmetics, foodstuffs, water and other 
matrices. 
In the fo l lowing paragraphs, only 
major achievements in the scientific 
and technical support provided for 
Directorate General XI are summa-
rized, as they represent the bulk of 
the El effort is this area. 
Short descriptions of all the activities 
performed and of the most significant 
achievements are g iven - where 
appropriate - in the section headed 
"Main Achievements". 
Scientific Technical Suppor t to 
Di rectorate G e n e r a l X I 
As has a l ready been ment ioned, 
emphasis has been placed on seve-
ral topics of wide concern to DG XI 
and related to: 
- Chemicals; 
- European Chemicals Bureau; 
- Atmospheric Pollution; 
- Water Quality; 
- Radioactive Environmental Monito-
ring (REM); 
- European Centre for the Validation 
of Alternative Methods (ECVAM). 
The European Centre for the Valida-
tion of AlternativeTesting Methods 
(ECVAM) - has en tered in its 
operat ive phase, and seven pre-
validation / validation studies have 
been started or have cont inued, 
namely: 
- an EU/UK international validation 
study on alternatives to the Draize 
eye irritancy test; 
- Phase I of a COLIPA/EU internatio 
nal study on in vitro tests for photoir-
ritancy; 
- a Europe/USA international pre-vali-
dation study on in vitro tests for skin 
corrosivity; 
- an EU/FRAME international study 
on the use of a battery of in vitro 
tests for predicting acute lethal po-
tency and for use in the classifica-
tion and labelling of chemicals; 
- an EU/FRAME international pre-va-
lidation study on in vitro tests for 
neurotoxicity; 
- an EU/BRIDGE pre-validation study 
on an assay for the inhibition of gap-
¡unctional intercellular communica-
tion as a means of identifying tumour 
promoters; 
- a pre-validation study on the ECITTS 
approach to biokinetics and neuroto-
xicity testing. 
In addition, two workshops were held 
and dealt with the practical use of 
cultured hepatocytes and of in vitro 
methods in phototoxicity testing. 
The European Chemica l Bureau 
(ECB) was formally established within 
the structure of the Environment 
Institute on January 1st 1993, with 
the aim of carrying out and coor-
dinat ing sc ient i f ic / technical work 
needed for the implementation of EU 
legislation in the area of chemicals 
control. 
In view of the updating of Annex I to 
Directive 6 7 / 5 4 8 EEC, the classifi-
cation and labelling of the following 
substances has been tackled: 
- man-made mineral fibers; 
- gases; 
- sensitizing substances; 
- substances harmful in the environment; 
- carcinogenic, mutagenic and terato-
genic compounds. 
Furthermore, a feasibility study has 
been carried out on the transfer from 
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DG XI to the ECB of summary notifi-
cation dossiers sent by EU Member 
States. 
Preparatory work for the installation 
and ope ra t i on of the EUCLID 
da tabase in spec ia l l y -pro tec ted 
security premises has been completed. 
In the area of atmospheric pollution, 
the harmonisation programme of 
Directive 8 5 / 2 0 5 / E E C was conti-
nued via the new calibration facility 
of the Central Laboratory of Air 
Pollution. The second intercomparison 
exercise was organized at Ispra with 
the attendance of eleven laboratories 
from six Member States. The results of 
the two intercomparisons (the first 
was held in M a y 1 9 9 2 at the 
Landesanstalt für Immissionsschutz, 
Essen, Germany] show that about 
8 0 % of the twenty labora to r ies 
part icipating in the two exercises 
were within a tolerance limit of ± 
10% of the standard values. 
Fo l lowing the results of the first 
intercomparison exercise on VOC 
measurement, which showed that the 
performance of the measurement 
techniques as currently applied was 
poor, a second intercomparison has 
been organised with the participation 
of 2 0 laboratories which routinely 
deal with air quality measurements. 
In the context of a convent ion 
between the Commission (DGXI / 
B/3) and the "Ministère de la Région 
Bruxelloise", an air pollution monito-
ring campaign was organised in the 
Brussels area, with the aim of: 
- assessing the impact of emissions by 
traffic on urban air quality; 
- demonstrating the use of new air 
quality monitoring techniques in ur-
ban areas; 
- making the population aware of air 
quality problems in large cities. 
The summer campaign took place 
from June to September 1993. If will 
be followed by a second campaign 
in the winter of 1 9 9 3 / 1 9 9 4 . 
The scientific work resulting from the 
adoption of the Directive concerning 
the eco log ica l qual i ty of surface 
waters has cont inued. This study 
gives an overview of common lake 
and reservoir problems in EU Mem-
ber States. Quantitative evaluations 
of the procedures with regard to 
short-term and long-term effectiveness, 
cost and potential negative impact 
were also considered. 
W o r k on the impact of t race 
compounds and elements has also 
been continued. 
During the reference period, the non-
point sources and discharges of 
selenium and nitrogen compounds 
(ammonia, nitrite and cyanide) have 
been studied a long w i th the 
discharge of mercury, berillium and 
thallium due to point sources. 
The official version of the European 
Waste Catalogue (EWC) accepted 
by the Steering Committee, has been 
published in the Official Journal of the 
EU. The official translations into the 
nine languages of the Community will 
be ready at the beginning of 1 994 . 
The conversion of the REM data base 
application software was continued 
and is, except for the Oracle query 
interface, at its final stage. The input 
of 1 9 8 7 - 1 9 9 0 monitoring data 
was completed and 1991 monito-
ring data input was started. 
The data input processor, EasyProteo, 
was further developed and is almost 
completed; shipment of the software 
and user manual to the data produ-
cing institutes and a training course 
are plannned for the first half of 
1994. 
Atmospheric model development 
continued, with special emphasis on 
long-range transport models and 
mesoscale models app l i cab le to 
complex terrains. 
A new CEC - CIS collaboration pro-
gramme, ISP 6, was started at the 
end of 1 993 . The aim is to integrate, 
on a European level, radioactivity 
measurements immediately related to 
the Chernobyl accident into a com-
mon informatics platform. 
The Commission's nuclear emergency 
system for the exchange of urgent 
radiological information, ECURIE, 
was further tested (by means of 
bilateral and multilateral exercises). 
The on-go ing d e b u g g i n g of the 
coding-decoding software (CDS) 
resulted in an official release availa-
ble on a world-wide basis. 
The ETEX project, in cooperation with 
W M O and IAEA, is p roceed ing 
satisfactorily. The project aims at 
testing the capability of atmospheric 
models to predict the evolution of a 
pollutant cloud in real time. The final 
experiment wi l l be carr ied out in 
1994. 
3. EXPLORATORY 
RESEARCH 
This research area encompasses four 
projects namely: 
- Absolute Chemical Analysis by Laser 
Methods; 
- Surface Enhanced Raman Scattering 
as a New Analytical and Diagnostic 
Tool for Atmospheric Chemistry; 
- Laboratory for Separation Science; 
- Development of an Atmospheric 
Aerosol Tracer. 
19 
Executive Summary 
The second-named project is a new 
one, while the remainder represent 
the extension or the continuation of 
projects started in the past. 
The first project is aimed at studying 
the feasibility of an absolute analy-
tical method based on laser-excited 
atomic and molecular fluorescence or 
ionization. 
Following the theoretical modelling of 
the interaction with the laser radiation 
which was performed last year, it 
was shown that the ionization techni-
que was even better than the fluore-
scence technique as a potent ia l 
method of absolute analysis. With a 
carefully controlled set-up, consisting 
of a flame, an immersed electrode 
and a fast detection system, it was 
shown for the first time that sodium 
atoms in an air-acetylene flame could 
be ionized with total efficiency by 
means of a two-step exc i t a t i on 
process obtained with two excimer-
pumped, pulsed dye lasers tuned at 
allowed visible transitions of sodium. 
The highly excited atoms underwent 
rapid collisional ionization with the 
flame gases. This represents the most 
direct experimental proof that the 
method can be placed on an abso-
lute basis. In fact, one could speak of 
"absolute coulometry". 
Spontaneous Raman Spectroscopy 
has the capability of detecting and 
characterizing atmospheric aerosols, 
such as sulphates and n i t ra tes. 
However, the weak value of its cross 
section limits the sensivity attainable. 
The recent discovery of the Surface 
Enhanced Raman Scattering (SERS) 
effect has led to significant improve-
ments in the sensitivity (up to many 
orders of magnitude). The aim of the 
proposed research is to apply the 
new technique to the study of hetero-
geneous processes involving atmo-
spheric sulphur species. 
A basic infrastructure for the applica-
tion of the SERS technique to tropo-
spheric aerosol chemistry has been 
assembled. The set-up consists of a 
Mult ichannel Raman Spectrometer 
based on the use of Charge Coupled 
Devices (CCD) as array detectors. 
Excitation is provided by a cw Argon-
ion laser, which also pumps a small 
tunab le dye laser. The Raman 
spectrum is dispersed with a double-
monochromato r or by a s imple 
acousto-optic tunable filter. A new 
concept of photon detection, based 
on moni tor ing the change in the 
operation frequency of a neon lamp, 
has also been successfully tested. 
Within the framework of the project 
"Laboratory for Separation Sciences", 
research on the analys is of the 
ol igor ibonucleot ides by fast atom 
bombardment mass spectrometry 
(FAB-MS) has been cont inued by 
check ing the effects of var ious 
matrices on analyt ical sensitivity. 
Diethanolamine has shown to be the 
best choice for the complete analysis 
of ribonucleic acid (RNA) strands. 
The instrument used was a high reso-
lution mass spectrometer with forward 
geometry and a high voltage ma-
gnet, allowing for a masss range of 
up to 3 ,000 a.m.u. at 8 KV accele-
rating voltage. 
The electrospray ion source has been 
investigated for ion masses up to 
1 0 , 0 0 0 a.m.u.. Preliminary results 
obtained with a prototype applying 
a transformation software to recon-
struct mass spectra, showed that this 
approach was successful for a pro-
tein w i th an ave rage molecu lar 
weight of 14,305 (lysozime). 
In a parallel way, the applicability of 
membrane techniques to was te 
purification has been further investi-
gated. For this purpose, a pilot plant 
has been set up to allow the combi-
nation of different types of ultrafil-
tration membranes. 
For spyral-polyamide membrane A, 
cut-off tests were run using 100 and 
3 0 0 ppm solutions of dextrans and 
polyethylene glycols (PEG), the best 
results having been achieved with 
300 ppm PEG. 
Further tests are being conducted with 
po l yv iny la l coho l (PVA) and PVA 
copolymers. 
Experimental ev idence has been 
obtained which shows that, in the 
case of waste water from the textile 
industry, spiral wound modules offer 
the best compromise be tween 
operability, surface-to volume ratio, 
power requirements and replacement 
costs. 
The aim of the project "Development 
of an Atmospheric Aerosol Tracer" is 
to develop a technique for tracing 
atmospheric aerosols. 
Chemiluminescent substances can be 
detected very sensitively; that makes 
them promising candidates for use as 
an aerosol tracers. In fact, chemilumi 
nescent substances can be detected 
at very low concentrations, by using 
rather s imple and inexpen-s ive 
equipment to detect the light emitted 
when they undergo their specif ic 
chemi luminescent reac t i on . A 
"luminometer" was built, by combi-
ning a good photomultiplier with a 
l ow dark current and a photon 
counting unit. This luminometer was 
equipped with a special holder to 
allow for a direct chemiluminescence 
measurements on a wet lable filter 
disc of up to 4 7 mm diameter. The 
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tracer can be quantified directly on 
the filter on wich the aerosol sample 
is obtained. 
Measurements with luminol, however, 
have shown that this substance is not 
photostable. As a consequence, tests 
on an other two substances have 
been planned. 
Another approach has been attemp-
ted: the background concentration of 
gold was measured and, although 
still relatively high, is such that, the 
use of go ld , as an aerosol tracer 
appears to be feasible. 
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1. Specific Research Programmes 
ENVIRONMENT 
The Institute's efforts have been 
focused essential ly on two main 
topics of the Environment specific 
programme, namely: 
- Global Change; 
- Environmental Chemicals. 
GLOBAL CHANGE 
This research area includes four main 
topics, namely: 
- Tropospheric chemistry; 
- Atmospheric Sulphur and Climate; 
- Atmosphere-Biosphere Interactions; 
- Environmental Monitoring. 
They encompass a multiplicity of 
activities aimed at contributing to 
unders tand ing of the t ranspor t , 
diffusion and chemical processes of 
biogenic and anthropogenic emis-
sions. These studies, as in the past, 
have involved a great deal of labora-
tory experiments, theoretical model-
ling and field measurements. 
Tropospheric Chemistry: 
Labora to ry Studies of 
Reaction Mechan isms a n d 
Kinetics 
Trace gases emit ted by natural 
sources are oxidised in the tropo-
sphere which is modified by increa-
sing concentrations of anthropoge-
nically emitted pollutants, primarily 
NO x . This situation is understood to 
introduce changes in the oxidizing 
capacity and in the radiation transfer 
regime of the troposphere. Attempts 
to model the anthropogenic pertur-
bation require understanding of the 
chemistry of an important biogenic 
species, such as isoprene, terpenes 
and organic sulphur compounds. 
Isoprene and dimethylsulphide (DMS) 
have been the focus of research in 
the Institute in recent years (see 
annual reports 1990, 1 9 9 1 , 1992), 
with laboratory studies on the kinetics 
and mechanisms of atmospher ic 
reactions. These studies have mainly 
addressed the nighttime degradation 
of these species by reaction with 
N 0 3 radicals. The knowledge acqui-
red, especially in product studies, is 
now being applied to the investiga-
tion of the reaction of these species 
wi th the most important dayt ime 
oxidant, the O H radical. 
The results of the studies performed 
on the oxidative degradation of DMS 
are descr ibed under the section 
devoted to the Atmospheric Sulphur 
and Climate project. 
Testing of a non-photochemical 
source of OH radicals. 
In most laboratory chamber experi-
ments, O H radicals are produced by 
methods requiring irradiation of the 
reaction mixture with UV-light, such as 
the photolysis of C H 3 O N O or H202 . 
Photolabi le react ion products or 
in termediates w i l l then also be 
exposed to radiation, and this may 
preclude their detection and influence 
the product distribution resulting from 
the reaction. Thus, a non-photochemi-
cal method for production of O H 
rad ica ls wou ld be useful for 
prov id ing insight in the possible 
photochemica l steps involved in 
a tmospher ic processes. Such a 
method, for obtaining OH-radicals by 
thermal reactions only, is based on 
the reaction between hydrazine and 
0 3 . A mechanism for this reaction 
has been proposed, in which the 
initial step is: 
H2N-NH2 + 0 3 - > H2N-NH+OH+ 0 2 . 
Subsequent steps in the reaction lead 
to the formation of H 0 2 while the 
stable, end-products are N 2 and 
H 2 0 2 . The react ion of 0 3 w i th 
hydraz ine is re la t ive ly fast (k= 
1 . 3 6 x l 0 1 6 cm3molec's ' ) , and the 
yield of O H radicals is sufficiently 
high to make the method suitable for 
studies of OH-reaction rate constants 
and products. The latter, however, 
can only be studied if the hydrazine/ 
ozone system does not significantly 
per turb the chemica l react ions 
following the attack by O H . 
Initially, attempts were made to apply 
the method to studies of product 
formation in the oxidation of DMS by 
OH radicals in the air. The reactions 
of ozone and hydrazine with DMS 
are slow and they were found to be 
negligible compared to the reaction 
with O H in the hydraz ine/ozone/ 
DMS system. However , a major 
problem was created by the obser-
vat ion of the occurrence of fast 
reactions of hydrazine with C H 2 0 as 
well as with S02 , both known to be 
major products of the DMS-OH 
reaction. 
Another drawback of the method is 
the high yield of H 0 2 radicals in the 
hydrazine-ozone reaction, which may 
also perturb the processes under 
investigation. Clearly, the outcome of 
the series of experiments performed 
indicate that the hydrazine-ozone 
source in most cases will not be a 
conven ient source of O H in 
laboratory chamber studies on the 
formation of products in atmospheric 
chemical reactions. It will certainly 
not be applicable to studies of the 
oxidation of isoprene where carbonyl 
compounds a p p e a r to be the 
dominant products. 
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Reaction of NO? with aromatics. 
The increas ing concen t ra t ion of 
aromatic hydrocarbons in heavily 
polluted areas is a matter of concern, 
because of their toxicity and because 
of the oxidation products generated 
in a NOx- rich environment. 
Studies have been cont inued, in 
collaboration with the University of 
Milan, on the reaction between N 0 3 
and methylarenes, performed in the 
gas and l iquid phases. The polar 
effects measured in the experiments 
of previous years have been re-
eva luated. The results appear to 
favour a reaction mechanism in the 
gas phase that involves the addition 
of N 0 3 to the aromatic ring as the 
first reac t ion step. This is then 
followed by the elimination of H N 0 3 
as a ra te -de termin ing step. N o 
conc lus ion , however , has been 
reached on the fo rmat ion of 
n i t roarenes , an aspect that still 
deserves attention, because of the 
environmental importance of these 
products. 
Atmospher ic Sulphur a n d 
Climate 
Globa l change studies a imed at 
understanding and quantifying the 
changes induced by man in the 
g loba l b iogeochemica l cycles of 
major elements are in progress. The 
ultimate goal is to provide models 
capable of describing possible future 
changes and their effects, particularly 
on the climate. The climatic effects of 
changes in the global sulphur cycle 
are caused by the fo rmat ion of 
sulphur aerosols, which scatter sun-
light back into space and act as 
cloud condensation nuclei (CCN). 
Quant i fy ing the link between the 
gaseous precu'sors like DMS and 
sulphur dioxide (S02) emissions and 
aerosols, and C C N , in particular, is 
a problem of combining gas-phase 
chemistry, heterogeneous chemistry, 
ae roso l dynamics and c loud 
processing. Furthermore, efficient 
ways must be found of implementing 
the description of these processes in 
global transport models. It has also 
been recognised that, apart from 
sulphur aeroso ls , other types of 
aerosols will have an effect on the 
global radiative balance, and must 
therefore be studied. 
The Atmospher ic Chemistry and 
A tmospher i c Physics Units have 
contributed to the study of the above 
problems through laboratory, field 
and modelling activities. 
Modelling 
DMS oxidation mechanisms: 
uncertainty and sensitivity analysis 
The chemical reactions involved in 
the o x i d a t i o n of DMS in the 
t roposphere are not yet fu l ly 
understood. Although it seems most 
likely that DMS is a major source of 
sulphate aerosols in the unpolluted 
marine troposphere, it is not clear 
through which intermediates this final 
product is formed; neither has it been 
clarified how other sulphur-containing 
products, such as MSA, dimethyl-
sulphoxide and dimethylsulphone, are 
formed, and, how important they are 
under the var ious cond i t i ons 
( temperature and t race gas 
composition) that may be encoun-
tered in the marine troposphere. 
The main oxidation pathway for DMS 
in the a tmosphere is genera l l y 
believed to be initiated by reaction 
with the O H radical. Based on the 
available experimental studies of the 
reactions involved in this oxidation 
process and the hypotheses about the 
main reaction pathways that have 
been presented in the literature, a 
chemical reaction scheme has been 
set up (Fig. 1). An uncertainty and 
sensitivity analysis of the kinetic 
model represented by this reaction 
scheme has then been used to 
identify the uncertainties (reaction rate 
constants as well as concentrations of 
chemical species) that contribute most 
to the overall uncertainty on selected 
output parameters of the model. This 
analysis thus serves to answer the 
question: which parameters would it 
be most relevant to study in order to 
understand the atmospheric chemistry 
of D M S . The reac t ion scheme 
includes only homogeneous gas-
phase chemistry and the rates are 
calculated for a temperature of 298 °K. 
The rate constants and concentrations 
of trace gases involved in the model 
have been ass igned uncertainty 
ranges reflecting the level of our 
present knowledege about them. The 
statistical analysis has been carried 
out with respect to three different 
output functions, namely: 
- The ratio between MSA and the 
sum of S 0 2 and H2SO,,.(ln addition, 
this exercise generated estimates of 
the most likely contributions of various 
pathways to the formation of S 0 2 
(Fig. 2) and H2SO)„. 
- The sum of the peroxynitrate species 
CH 3 SOONO ? , C H 3 S ( 0 ) O O N 0 2 
and C H 3 S ( 0 ] 2 0 0 N O ? . 
- The ratio between S 0 2 and H.,SO„. 
C o n s i d e r a t i o n of the pa thways 
leading to the formation of H2S04 is 
of particular interest, because of the 
observa t ions of Bandy et a l . 
( G e o p h y s . Res. Lett., 1 9 , 1 1 2 5 , 
1992) that suggests that H2SO„ may 
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be formed from DMS in the 
troposphere without S0 2 acting as a 
major intermediate. If this is true, 
DMS would contribute substantially 
more to the growth of aerosols in the 
marine troposphere. The analysis 
highlights some rate constants (k33, 
k22, k|8, k,, and k2]) that need to be 
known more accurately in order to 
eva luate the impor tance of this 
pa thway , but the current results 
indicate that the direct pathway to 
formation of H2S04 is not likely to be 
a major one. 
The rate constants highlighted in the 
analysis of the MSA/(S0 2 +H 2 SO d ) 
rat io are the same as those 
mentioned above. In spite of the 
large uncertainties inherent in these 
parameters, the ratios calculated by 
the model are in good agreement 
with those observed experimentally. 
The calculated concentrations of the 
peroxynitrate species are low (less 
than 1% of DMS). The stabilities of 
these species are, however, strongly 
temperature dependen t , so an 
extension of the analys is to 
investigate the additional effects of 
temperature dependencies might well 
lead us to attribute more importance 
to these intermediates. Future work 
w i l l look into such temperature 
d e p e n d e n c i e s , as we l l as the 
coupl ing between gas­phase and 
l iqu id ­phase chemistry in the 
atmosphere. 
Formation of CCN from DMS 
The 0­D model AER02 has been 
used in Monte Carlo calculations to 
construct correlations between S 0 4 
mass and C C N , wh ich may be 
appl icable in large­scale models. 
Two scenarios are considered: a 
' c losed mar ine bounda ry layer 
(MBL)', in which all processes take 
place in a capped column, and an 
'open MBL', in which entrainment of 
mater ia l from the over ly ing free 
troposphere into the boundary layer 
\CH3SOONO2] SO2 CHsS(0)202N02 
+NOz' klL 
y 
+ Í/02, teo k-20 
+ O2, f¿ +NO,k26 
+Λ/Ο2, /C17 
+Q3JÇ18 
(MSA) 
CH3SO3HI |CH3S(0)202«| TX t 
χ 
£ \CHSS03< 
te2 
+ Η2Ο, fast 
SÕ2] + OH, k25 — IH2SO4I 
Fig. 1 Reaction scheme and sensitivity analysis. Reactions which contribute most to the output uncertainty are highlighted. 
Three output are considered: the ratio MSA to (SO2+H2SOJÌ ¡red}, peroxinitrates [blue] and the ratio SC¡2to H?SO­i (greenj 
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column is cons dered. 
The results for the two scenarios are 
significantly different. The closed MBL 
scenario runs predicted a time­scale 
for the formation of C C N active at 
0.2% supersaturation, of at least one 
week, and C N and C C N ( 0 . 2 % ) 
concentrat ions that are general ly 
higher and lower, respectively, than 
observat ions at C a p e Gr im . The 
open MBL scenario runs predicted a 
time­scale for C C N (0.2%) formation 
of the order of one day and C N and 
C C N (0.2%) concentrations that are 
in closer ag reemen t w i th the 
observations from Cape Grim (see 
F ig .3 ) . The result ing cor re la t ion 
between C C N (0.2%) and aerosol 
sulphate concentration is consistent 
with the correlation measured during 
the '92 Hudsor cruise over the North 
Atlantic (see Fig. 1 1 ). 
3­D Modelling of the sulphur cycle 
A study of the potential gains from 
using faster algorithms in AER02 in 
coupl ing the model to the sulphur 
version of the global transport model 
M O G U N T I A has led to the 
conclusion that, at present, AER02 is 
computationally too demanding to 
achieve this. A version of the simpler 
model IMAD (Integral M o d e l for 
Aerosol Dynamics), which assumes 
the SOj aerosol to be monodisperse, 
has therefore been developed and 
incorporated in MOGUNTIA. 
IMAD takes the gas­phase production 
and emission of SO., as modelled by 
M O G U N T I A , and models the 
competing processes of new particle 
formation (nucleation) and conden­
sation onto existing aerosol particles, 
together with coagulation and dry 
and wet d e p o s i t i o n . In­cloud 
CH3SOONO2 
8 / 2 2 8 . 
/ 
4 6 % / 46% via /C31 
/ 
S02 
19%/ 1 8 % y/'a/C30 
\ 
CH3SOO» 
9 6 0 / 8 9 8 
CH3SCH3 
I2.6 109 
CH3S. 
3 4 0 / 3 0 6 . 
CH3S»(OH)CH3 
6 ­ 2 1 ° 3 / 6 . 2 10 3 
CH3SO2CH3 
2 7 1 0 8 / 2 . 7 10 8 
°­5%/5%, viak­\3 
12%/n° /o, " Arn 
CH3S(0)202· 
1·8 105/5.7 10 4 
I 
y 
CH 3 SO· 
1 · 6 1 0 4 / 8 . 6 10 3 
t 
CH3S(0)02» 
1.7 1 0 ^ . 2 103 
t 
CH3S(O)02N02 
1 · 4 1 0 4 / 1 . 0 10 5 
CH3S02· 
2­3 1 0 3 / j . 6 i o 3 
y ι 
23%/ 2 1 % v¡a ^ 2 1 
I 
SO2 
2.0 10-/1.9 1 o 9 ► 
/ 
CH3S(0)202N02 
9.6 IOV1.5 10 6 
CH3S03H 
9 7 107/1.6 10 8 
CH3SO3· 
3 1 1 / 5 8 9 
so3 
H2SO4 
1.5 1 0 % . 1 10 8 
Fig.2. Uncertainty analysis. Average concentration of species in molec.cm: {boxes) in the unpolluted / polluted scenario's 
after 24 hours. The fraction of SO: formed through the various pathways is also given. 
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processing is not yet considered by 
the model. IMAD is thus a system of 
three s imul taneous equa t ions , 
desc r ib ing the aeroso l number 
concentration, the concentration of 
SO4 in the aerosol phase, and the 
concentration remaining in the gas 
phase. An a lgor i thm has been 
developed, which is based on a 
semi -ana ly t i ca l solut ion to the 
simultaneous equations, and gives 
good approximations to the solutions 
predicted by an efficient iterative 
method (4th order Runge Kutta), but 
with approximately 1 /500th the CPU. 
The I M A D / M O G U N T I A model 
predicts very little nucleation at the 
C\J 
O 
O 
O 
a) 
10J 1 0 : > 10 10 
Non-sea-salt sulphate ^g-m"3) 
C\J 
CD 
O 
O 
b) Non-sea-salt sulphate (jig-m'J) 
Fig.3. The number of condensation nuclei (CN) ond cloud condensation nuclei 
active at 0.2 % supersaturation (CCN(0.2%¡¡ as a function of the sulphate 
concentration in the aerosol phase, as predicted with the 0-D model AER02. 
The conditions are those prevailing in the remote marine boundary layer, where 
the only precursor for aerosols is assumed to be DMS. The model calculations 
are compared with data taken, at Cape Grim (Tasmania! and Amsterdam Island 
(Indian Ocean). 
a) no entrainment of aerosols from the free tropospheric is considered; 
b) entrainment of aerosols from the free tropospheric is considered. 
surface, and none over the oceans. 
Instead, the principal source region 
for new aerosols is the upper 
- troposphere, wh ich is not really 
surprising, given that nucleation is 
favoured by cold temperatures and a 
lack of background aerosols. The 
resulting January average aerosol 
number concentrations for the 950-
850 mbar level of MOGUNTIA are 
illustrated in Fig. 4 . A north-south 
gradient in aerosol number concen-
trations is predicted, whereas in July 
the highest numbers of mar ine 
aerosols ( 1 0 - 5 0 cm3) are predicted 
over the southern oceans. These 
values are generally too low when 
compared with observed values. It 
should, however, be noted that, as 
nucleation is a highly discrete and 
non-linear process, using the very 
coarse resolution condit ions from 
M O G U N T I A as input wi l l under-
estimate new part ic le format ion. 
Further study will be necessary for 
tackling this problem. 
3-D Modelling of the soot aerosol 
cycle 
There are two principal sources of 
ca rbonaceous par t icu la te (soot) 
emissions, namely: biomass combus-
tion in deforestation and savanna 
fires, and fossil fuel combustion. A 
global emission inventory for both 
sources has been constructed from 
published data. The annual total 
black carbon emission is 10.4 Tg C y', 
with 5.4 Tg C from biomass burning 
and 5 Tg C from fossil fuel use. 
The above emissions inventories have 
been implemented in MOGUNTIA, 
and a simple deposi t ion scheme 
developed. At present, only the mass 
of soot is t ranspor ted by 
MOGUNTIA. The resulting average 
surface level soot mass distributions 
for January and July are shown in 
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Fig.4. January average SOJ aerosol concentrations for the 950­850 mbar level 
of MOGUNTIA (the level in which most marine boundary layer stratus cloud 
can be expected to form) Contours are at 1, 5, 10, 50 and 100 particles cm3. 
Figs. 5a and 5b. Soot concentrations 
g rea ter than 2 , 0 0 0 n g . m 3 are 
predicted over Europe and Central 
Africa in January. The former is due to 
anthropogenic sources and the latter 
to biomass burning. Concentrations 
in these areas are lower in July, but a 
peak over South Amer i ca from 
biomass burning is clearly visible. 
Between 2 0 % and 5 0 % of the 
predicted July soot burden in the 
Arctic of 5 0 ­ 100 ng.m3 is due to 
the inclusion of Boreal forest fires in 
Alaska, Canada and Siberia, which 
have not been considered in previous 
emission inventories.Comparison of 
these values with in situ data is under way. 
Laboratory experiments 
Structure of peroxynitrate formed in 
the tropospheric oxidation of DMS 
Previous laboratory studies on the 
N03­initiated oxidation of DMS in air 
have suggested that two peroxy­
nitrate intermediates are formed: one 
short lived species with IR spectral 
features identical to those typical of 
alkyl­peroxynitrates, and another, 
more stable species, wi th strong 
bands at 777 cm' , 1303 cm' and 
1 7Ó8 c m ' . This last species has 
been shown to have a s t rongly 
temperature­dependent stability with 
respect to dissociation, with a life 
time of years at upper­troposphere 
temperatures. It has tentatively been 
assigned the formula 
C H 3 S ( 0 ) O O N O „ or possibly 
CH 3 S(0) ,OONO, . 
In the presence of N O , the peroxy­
nitrates will decay according to the 
following reaction scheme: 
C K S ( 0 ) . O O N O , + M <H> 
C H , S ( 0 ) . 0 0 ' + N O , + M 
C H , S ( 0 ) . 0 0 ' + N O —> 
CH,S(0) .0 ' + N O , . 
The CHjS(OKO radical may then 
decompose to form CH,, radicals and 
either SO., or S 0 3 depending on χ 
being either 1 or 2, or it may react 
with other compounds in the reaction 
mixture. 
In the absence of N O and at low 
oxygen par t i a l pressures, the 
equilibrium: 
C H 3 S ( 0 ) . 0 0 ' + M <=» 
CH 3S(0) /+ O , + M, 
followed by decomposition or other 
reactions of the CH 3S(0) , radical, 
should also be considered. Thus, 
based on these cons ide ra t ions , 
measurements of SO, ­ fo rmat ion 
dur ing the thermal decay of the 
peroxynitrate and upon addition of 
N O to air containing this species, 
w e r e pe r f o rmed , to p rov ide 
information about the structure of this 
intermediate. 
The TDL­measurements of S O , 
showed that it was formed by the 
thermal d e c o m p o s i t i o n of the 
peroxynitrate species, but not upon 
add i t ion of N O ; in fact, a small 
decrease in the SO·, concentration 
was observed just after the addition 
of N O (Fig. 6), probably due to the 
format ion of OH­ rad ica l s by the 
chemical reactions initiated by the 
addition of N O . As discussed above, 
this behaviour can be expected from 
a c o m p o u n d w i th the formula 
C H 3 S ( 0 ) , O O N O , but not from 
C H 3 S ( 0 ) O O N O , which would be 
expected to form SO·, when N O was 
added. 
The only doub t that remains is 
whether some formation of SO, could 
be obscured by the simulta­neous 
removal of SO, due to its reac­fion 
with O H , Although this possibility 
seems unlikely, it must be tested in 
further work. 
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January 
b) 
Fig.5. January (a) and July (b) average soot concentrations at the surface ( Ì OOO 
950 mbar) predicted by the MOGUNTIA soot model. Contours are at Ì, 10, 
50, 100, 200, 500, WOO and 2000 ng.m3 C. 
Study on the formation of H2SOj-H20 
aerosols from the gas phase 
The aeroso l dynamics models 
desc r ibed a b o v e , need cer ta in 
empir ical data as input, such as 
nucleation rates and growth rates of 
H2S04-H20 particles. The aim of the 
present laboaratory work is to reduce 
the uncertainties that exist in these 
data. 
A new labo ra to ry dev i ce for 
g a s / p a r t i c l e interact ion studies, 
consisting of a laminar flow reactor 
and an OH source, was tested. The 
design of the set-up provides well 
defined experimental conditions. The 
laminar flow profile is a fundamental 
characteristic of the set-up. It allows 
the flow conditions, the diffusion to 
the wal ls , the chemistry and the 
particle dynamics to be modelled 
with a minimum uncertainty (compa-
red to batch reactor systems), such 
that unknown parameters can be 
fitted into the model. Such a nume-
rical model has been written, inclu-
ding all processes but for the aerosol 
dynamics. 
Nucleation and growth properties of 
H20-H2S04-particles are being stu-
died in the photo-chemical system: 
O H ' + S 0 2 — > HOS0 2 
HOS0 2 + 0 2 — > H 0 2 ' + S0 3 
S0 3 + H 2 0 —> H2S04 
nH2S04 + mH 20— >aerosol particles 
The OH- radicals are formed by 
photolytic dissociation of nitrous acid 
(HONO): 
HONO+hv(< 4 0 0 n m ) - > N O + O H . 
Gaseous H O N O is cont inous ly 
produced outside the reactor, with a 
generator described in the scientific 
literature. An advantage of using 
31 
Specific Research Programmes 
H O N O as a precursor for O H -
radicals is that N O is formed, which 
regenerates OH- rad i ca l s by the 
reaction: 
490 
410 
SO2 remains constant 
CH3SO2OONO 
2 decays to form SO2 NO added 
10 
Time (min.) 
15 20 25 
Fig. 6. SO2 formed by the atmospheric oxidation of DMS in the presence of 
NOx, measured by TDL-spectroscopy in one of the experimental runs. 
(ΗΝ02Γ = 0.8 ppmV, (N02)* =0.02 ppmV 
2 3 
Flow rate (I · min"1) 
(* irradiated in flow reactor) 
Fig. 7. Decay of (HONO + NO.) in pure nitrogen by passing the irradiation 
section of 3m in the laminar flow reactor. 
A, +, χ = measured data from repeated experiments 
= model data for UV-lamp intensity = 16 W my 
= model data for UV-lamp intensity = 19 1/Vm' 
= model data for UV-lamp intensity = 2 3 Wm'y 
HO, ' + N O - > O H ' + N O , 
In a first set of experiments, dark 
reactions of H O N O with the reactor 
walls and the its photolytic disso­
ciation were studied in a mixture of 
nitrogen and 1 ppmV of H O N O , 
The dark dissociation of H O N O on 
the reactor walls produces N O and 
N O , a long the center l ine of the 
reactor at a rate of 30 - 1 5 0 ppbV 
min' (3 to 15 % min'), depending on 
the previous use of the reactor. The 
photolyt ic decay of H O N O was 
used as a chemical actinometer. 
Figure 7 shows first results of fitting 
the light intensity in the numerical 
mode l to the d e c a y of H O N O 
measured at the beginning and the 
end of the irradiation section of the 
f low reactor. Apart from the light 
intensity, the fitted model further 
shows that, for an initial H O N O -
concentrat ion of 1 ppm, an O H -
concen t ra t i on of about 108 
molecules cm'3 at the centerline of the 
reactor can be expected. 
Preliminary tests have shown that, for 
an input SO-,-concentration of 1 ppm, 
sufficient H ,S0 4 is formed for the 
particles to grow bigger than the 
detection limit of the TSI Differential 
M o b i l i t y Part ic le Sizer System 
(DMPS). Figure 8 shows the size 
d is t r ibu t ions of H-,SO„ par t ic les 
formed in the laminar flow reactor 
and measured at the end of the 
irradiation section. A good stability 
and reproducibility of the results is 
o b t a i n e d . C o m p a r i n g measured 
particle size distributions as a function 
of residence time, relative humidity, 
initial SO,-concentration and O H -
concentration with the results of our 
coup led f low-dif fusion-chemistry-
aerosol model will yield information 
on nucleation rate and condensation 
(accommodation coefficient), as is 
needed for use of the models. 
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Fig. 8. Size distributions of H2S04 - H20 particles formed in the laminar flow 
reactor for different flow rates (residence times: χ = 38 s, · = 50 s, D = 72 s, 
u = 1 lOsj. 
Sampling device 
High volume sampler (30 m3-hr') for ionic 
composition of total aerosol load (Rieme) 
On-line measurements of black carbon light 
absorption coefficient with aethalometer (Magee 
Scientific) 
Differential Mobility Particle Sizer (DMPS) system for 
aerosol size distributions in the size range 0.02 - 1 
μπι (TSI model 3071 & 3020) 
Time resolution 
1 2 - 3 6 hr. 
1 0 - 6 0 min. 
1 5 min. 
Table 1. Instrumentation on board the CSS Hudson for characterisation of 
aerosol properties 
Field measurements 
Aerosol measurements in the North 
Atlantic: the Hudson '92 cruise 
During the Hudson ' 9 2 cruise 
(September - October 1992) , an 
extensive dataset on physico-chemi­
cal properties of the North-Atlantic 
aerosol was collected (Table 1 ). The 
measurements were made in a region 
which has not only biogenic sources 
for sulphate (from DMS), but which is 
also impacted by pollution plumes 
from Europe as well as from north­
east America, adding an anthropo­
genic sulphate component to the 
aerosol mass. The data analysis was 
aimed at evaluating the anthropo­
genic signal in propert ies of the 
aerosol that are c l imato log ica l ly 
re levant , and in par t i cu la r , the 
concentration of particles that can 
be activated to form cloud droplets. 
The typical marine aerosol bimodal 
size-distribution in the 0 .01 - 1 μιη 
diameter size range, with a minimum 
round 0.1 μιη, was observed through­
out the whole cruise, when the ship 
was 5 0 0 - 1 , 0 0 0 km away from 
either continent (Fig. 9). The shape 
of the distribution was explained 
(Hoppel et al. Geophys. Res. Lett., 
1 9 8 6 , 13 , 125) as be ing the 
consequence of 'cloud processing' of 
those particles that are larger than the 
cr i t i ca l size for c loud d rop le t 
nucleation (typically around 0.1 μηη). 
The large c loud water drop le ts 
accumulate sulphate rapidly via the 
aqueous-phase oxidat ion of SO, , 
and upon evaporation of the cloud, 
the residual aerosol particles have 
shifted to significantly larger sizes 
than the non-activated, interstitial 
aerosol, resulting in a gap between 
the two size-distributions. 
It can be argued that the second 
mode consists of "cloud processed 
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nuclei" (CPN) and that they consist of 
the C C N that are activated at the 
supersaturations prevailing over the 
ocean. Hence, the analysis which 
has been done consisted of fitting the 
10 
sum of two lognormal distributions to 
all avai lable bimodal distributions, 
yielding concentration, mean geome­
tric diameter and geometric standard 
deviation for both modes. The CPN 
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Fig. 9. Example of the typical bimodal size distribution of the marine aerosol, 
measured during the Hudson­92 cruise. The two modes can be fitted with the 
sum of two log­normal distributions, yielding concentration N, and geometric 
mean diameter Dpg, of each mode separately. 
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Linear regression 
log(CPN)=1.26 + 0.73log(BC) 
R2=0.66 
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Fig. 10. Scatter plot of the cloud processed nuclei (CPN) concentration versus 
atmospheric black carbon over the North Atlantic. The R' value of the linear 
regression indicates that 66% of variation in CPN is explained by the variation 
in black carbon, hence by anthropogenic pollution. 
concen t ra t i on was then further 
correlated to black carbon as an in 
situ measured tracer for anthropo­
gen ic o r i g i n of the air mass. A 
regression analysis on a log­log scale 
shows a major a n t h r o p o g e n i c 
contribution in the concentration of 
CPN, although it is noteworthy thai 
the slope of the black carbon ­ CPN 
regression is lower than one, i.e. the 
relative effect of pollution on the CPN 
concen t ra t i on decreases w i th 
increasing pollution (Fig. 10). 
The C P N concentrat ion was also 
correlated to the non­seasalt (nss) 
sulphate concentration on the filter 
samples. Also in this case, a strongly 
posit ive correlat ion between nss­
sulphate and CPN has been found. 
This correlation could be an important 
tool in assessing the climatic effects of 
sulphate, since most models predict 
only sulphate mass, without any 
information about the number of 
C C N the mass equates to. This result 
was c o m p a r e d w i th l i terature 
correlations between nss­sulphale 
and concentrations of C C N (measu­
red with a C C N counter) and cloud 
droplets under various conditions of 
location and pollution (Fig. 11), It 
appears that the result from this 
approach are consistent with the 
overa l l t rend . This p rov ides a 
posteriori support for the proposed 
mechanism, suggesting that C P N , 
C C N and cloud droplets refer to 
s imi lar subsets of the aeroso l 
population. An explanation for the 
large variability in CPN at a given 
sulphate mass must be found in the 
fact that sulphate is not the only 
chemical compound in the aerosol. 
And even if sulphate were the only 
compound, small variations in the 
size distribution could still give large 
var iat ion in CCN(Sc) at a given 
mass. F ina l ly , at low su lphate 
concen t ra t i ons , the measured 
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Fig. 11. Measured cloud droplet and CCN concentrations versus the sulphate 
content in the respective particles, compared with the CPN versus sulphate 
obtained in this study. The full line is the linear regression through last data. 
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correlation in Fig. 3 broadly confirms 
the model calculations that explain 
sulphate on the basis of DMS 
emissions alone. 
DMS in freshwater lakes: a long­term 
field study. 
Up to now, DMS has mainly been 
studied in marine environments, 
because the larger surface areas of 
these ecosystems makes them 
obviously the most important source 
of atmospheric DMS. Other sources 
of DMS in the atmosphere, such as 
land vege ta t ion or f reshwater 
ecosystems, have only recent ly 
received attention. 
DMS flux estimates for these habitats 
are scarce as yet. Additionally, such 
minor contributors to the natural 
sulphur flux in the atmosphere may 
present a g o o d site for the 
investigation of some phenomena 
which are difficult to access in marine 
ecosystems. 
The area around Ispra is rich in 
freshwater lakes, and many of them 
are easily accessible throughout the 
year, making possible long­term 
studies of, for example, seasonally 
variable processes. In July 1993, a 
field study of Lake Maggiore, Lake 
M o n a t e and Lake Varese was 
initiated to identify and quantify DMS 
in freshwater samples. The objectives 
of this study are to obtain water­to­
atmosphere flux estimates for DMS 
during a full seasonal cycle and to 
identify sources of this compound in 
the lake waters. Lake Maggiore and 
Lake Monate are oligo­mesotrophic 
lakes, while Lake Varese is a highly 
eutrophic lake, with massive H2S 
production during summer months. 
Comparison of these lakes offers the 
poss ib i l i ty of inves t iga t ing the 
inf luence of t roph ic status and 
variable oxygenation of lake waters 
on DMS concentrations and thus 
DMS water­to­atmosphere fluxes. 
Sampl ing of the lake water was 
performed in cooperation with the 
Marine Environment Unit of IRSA and 
the Istituto Italiano di Idrobiologia at 
Pallanza. 
DMS production in the marine habitat 
is the result of phyto­, zoo­ and 
bacterio­plankton activity. The relative 
importance of each type of organism 
is diff icult to assess, because all 
activities take place in open water. 
Because of the depth of the oceans, 
sediment processes are of minor 
importance to surface DMS levels in 
the marine environment. In contrast, 
in comparatively shallow freshwater 
lakes, sediment processes are closely 
l inked to open water processes. 
Here, it is both meaningful and 
possib le to invest igate both the 
bac te r ia l l y dom ina ted bottom 
sediment and the open wa te r . 
Comparison of the two compartments 
will indicate the relative importance 
of the bacterial (sediment) and food 
web (open wafer) contributions to 
DMS production. 
DMS was found to be present in all 
samples. Samples from the stratified 
Lake Varese, however, also contai­
ned a variety of other volatile sulphur 
compounds (VSCs). Work to identify 
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Environment 
Seawafer 
. oligotrophic open Atlantic 
. Northwest African Upwelling 
. North Pacific 
hypersaline lakes 
Freshwater: 
. Canadian freshwater akes 
. North Italian freshwater lakes 
range of concentration 
0 . 2 4 - 2 . 0 nM 
(mean = 1.05 nM) 
0 . 6 9 - 5 . 1 3nM 
(mean = 1.97 nM) 
mean summer = 2 .2nM 
mean winter = 1 . 3 nM 
0 . 4 - 3 3 nM 
0.31 - 1 1 nM 
0.1 - 4 . 8 nM 
source 
ID 
(1) 
(2) 
(4) 
(4) 
(5) 
Table 2 . Dimethylsulfide concentrations in some aquatic ecosystems: 
The data were extracted from: 
(1) IRSA/EI Hudson 1992 cruise, unpublished data, 
(2) Bates, T.S., et al., J. Geophys.Res., 1987, 92, 2930, 
(3) Simo, R. et al.; Dimethylsulfide, Oceans, Atmosphere and Climate, 
Restelli, G. and Angeletti, G. (Eds.), Dordrecht, 1993, 173, 
(4) Richards, S.R., et al. Limnol. Oceanogr. 1991, 36, 468 and 
(5) present measuring campaign 
and quantify these components is in 
progress. The DMS concentrations in 
the lake waters were in the range of 
o l i g o t r o p h i c mar ine w a t e r s , a n d 
therefore at the lower end of the 
concen t ra t i on range in mar ine 
environments.(Table 2). Increased 
DMS concentrations were detected in 
Lake Varese, and depth prof i les 
indicated that sediments are a source 
of DMS and other VSCs in this lake 
(Fig. 12). 
Environmental Monitoring 
Stratospheric ozone. 
The Brewer ozone spectro-
photometer, on loan from the Italian 
Ministry of the Environment as part of 
an agreement with the University "La 
S a p i e n z a " of Rome, has been 
operated continuously throughout the 
year. The instrument was used in the 
1 9 9 1 - 1 9 9 2 European Arc t ic 
Stratospheric O z o n e Experiment 
(EASOE), and it is now involved in 
the 1993-1994 SESAME campaign. 
The 1992-93 preparatory exercise 
that completed its main measurement 
phase at the end of March 1993, 
has confirmed the anomalously low 
ozone column values previously 
measured in the 1991-1992 period. 
Figure 1 3 shows the monthly avera-
ges of the total o z o n e co lumn, 
measured at Ispra for the periods 
from January 1991 to December 
1992 (dotted line) and from January 
1 9 9 2 to December 1993 (heavy 
dotted l ine), and at Arosa (CH), 
where the monthly means have been 
averaged over thirty years (1957-
1988, full line). 
From the figure, it appears that the 
1 9 9 3 ozone values in the winter 
months, and particularly in February 
and March , are lower than those 
measured in 1 9 9 2 , and that they 
remain lower for a quite long pe-
riod, reaching the 1992 level only in 
August. 
Figure 14 shows the ratio between 
the total ozone measured from 
January to August 1 9 9 3 and that 
measured in the c o r r e s p o n d i n g 
months of 1992. The data represent 
f ive-day averages to reduce the 
synoptic noise. Twenty days of July 
are missing, because of the failure of 
the Brewer instrument. 
The 1 9 9 3 / 1 9 9 2 ozone ratio ap-
pears to decrease to a minimum of 
about 0 . 7 5 during many days of 
January and February and to remain 
lower than one, except for some 
sporadic episodes, up to the end of July. 
The mean values of ozone measured 
at Ispra from the 1st of January up to 
the end of June are, respectively, 
343 .3 Dobson Units (D.U.) for 1992 
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Fig. 12. Depth profile for dimethylsuiphide in Lake Varese (N. Italy). Closed 
squares represent DMS concentrations, points represent temperature. The 
presented profile was taken in November 1993. Maximum depth is 
approximately 25 m. 
and 328.1 D.U. for 1993, giving a 
1 9 9 3 / 1 9 9 2 ratio of 0 . 9 6 . This 
means an average decrease of the 
ozone cover, in the first six months of 
1993, of about 4% with respect to 
the situation in 1 9 9 2 . The mean 
ozone data for August 1992 and 
1993 are identical (300.7 D.U. and 
300.1 D.U., respectively), indicating 
full recovery of the normal ozone 
levels. 
In order to have at least a qualitative 
confirmation of the anomalous trend 
of ozone in 1 993 , an analysis of the 
UV-B irradiation measurements taken 
every day by the Brewer instrument 
has been made. An enhancement of 
the UV-B in 1 993 would confirm the 
decrease of ozone; unfortunately, a 
simple relation between ozone and, 
UV-B cannot be established due to 
the strong dependence of the UV-B 
field on clouds and atmospheric 
aerosols. 
380 
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Fig. 13. Monthly averages of total ozone column values measured at Ispra site 
during 1992 and 1993 . The data from Arosa ¡CH) are the averages over the 
periode 1957-198 8. 
In order to reduce this influence, the 
UV-B data have been ratioed to the 
total i rradiat ion values measured 
dai ly with a pyranometer by the 
meteorological service of Ispra. The 
pyranometer detects solar radiation in 
the range 305-2800 nm, so that its 
sensitivity to ozone is negl ig ib le, 
while its response, as for the Brewer 
instrument, is affected by the pre-
sence of clouds and aerosols. Due to 
the di f ferent wave leng th ranges 
encompassed by the two instruments, 
the inf luence of the atmospheric 
parameters on the radiation detected 
is not the same, and this normali-
sation procedure can be considered 
only as a rough approximation to the 
undistorted UV-B radiation. 
Using the normalised data, the ratio 
between the 1993 and 1992 UV-B 
values averaged over the first six 
months of each year, is 1.08. This 
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Fig. 14. 1993 / 1992 ratio of five days averages of total ozone column 
measurements at Ispra. A predominant ozone deficit in the first half of 1993 is 
clearly apparent. 
value, even if only indicative, shows 
an excess of UV-B for the first half of 
1 993 compared to the same period 
of 1992, supporting the concept of a 
def ic i t of ozone occurr ing in the 
corresponding months of 1993. 
Tropospheric ozone in the pre-alpine 
and alpine regions. 
As a follow-up of previous studies on 
the mechanisms respons ib le for 
influencing the tropospheric ozone 
distribution in the pre-Alpine region, 
ozone measurements available in the 
pre-Alpine and Alpine regions from 
1987 to 1991 have been collected 
in a database. A first analysis shows 
that the southern slopes of the Alps 
may suffer from high ozone levels. 
The large cont r ibut ion of ozone 
episodes in these regions in the warm 
season is shown by the monthly 
average values, which at interme-
diate altitude (400 up to 1 8 0 0 m) 
are comparable or even 1 0-20 ppbv 
h igher than in the medium 
troposphere. These data, and some 
a i rborne measurements made in 
1991 by a Swiss group, confirm the 
presence on the warm days of an 
"ozone front" up to 1 8 0 0 m high, 
which is formed above the Po plain 
by thermal convective motions and 
which moves towards the A lp ine 
slopes during the warmest hours of 
the day. 
A working group on "Tropospheric 
ozone and photo-oxidants in the 
Alpine region" has been set-up as a 
JRC initiative. Participants from Swit-
zerland, Austria, Italy and Germany 
are collaborating to define a com-
mon project. The main objective is to 
set up a data base of ozone epi-
sodes in the Alpine region, that will 
serve as a re ference for the 
evaluation of possible strategies of 
precursor reduc t ion and for the 
definition of air quality standards in 
the Alpine countries. 
Reconstruction of surface ozone 
historical data. 
Great concern about the increasing 
trend of tropospheric ozone at mid-
latitudes of the northern hemisphere 
has focused attention on historical 
ozone obervat ions made by the 
Schönbein technique one century 
ago. An ad hoc procedure to convert 
the original readings into present-day 
concentrations (in ppbv) was set up 
and validated. The same procedure 
was applied to observations made at 
tropical latitudes; the results show that 
historical levels were lower than those 
observed at mid-latitudes of both the 
northern and southern hemipheres. 
Historical time-series of ozone levels, 
provided by various institutes, have 
been analyzed by the procedure 
perfect ioned in previous studies. 
Particularly interesting are the data 
from Vienna, probably the longest 
record in the world (1853 -1920) . 
The conver ted da ta show no 
significative trend for the ozone levels 
observed in those years, in contrast to 
the recent da ta from A rkona , a 
remote station on the Baltic sea, for 
which a positive trend of about 1 % 
per year has been observed. Fig. 1 5 
shows the evolution from 1 8 5 3 to 
1983 of the mean ozone level, as 
deduced from the two data series. 
Application of spectroscopic 
techniques 
The general-purpose multi-spectral 
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detection system described in the 
1 9 9 2 Annua l Report has been 
calibrated in terms of the wavelength 
and intensity dependence of the 
d i ode a r ray . The system was 
implemented with two other lasers, 
an ArF excimer laser operating at 
193 nm and a N d ­ Y A G laser 
operated at 5 3 2 and 355 nm, to 
create a Laser Photofragmentation 
Spect roscopy appa ra tus . This 
anlytical tool will be applied to the 
detection and characterization of 
atmospheric sulphur species such 
sulphur dioxide, dimethylsulphide, 
methanesulphonic acid and sulphuric 
acid in the gas phase and in liquid 
aerosol, in the context of chemical 
studies related to the Atmospheric 
Sulphur and Climate project. The 
pr inc ip le of the technique is the 
following: the sample is photofrag­
mented by the excimer laser or the 
Y A G laser, and the f ragments 
created are then interrogated by the 
tunable dye laser, whose firing can 
be delayed in time with respect to the 
former lasers. Then the fragment 
fluorescence is measured. In some 
cases, the fragment can also be 
photoionized. The advantage of the 
photofragmentation technique is that 
it permits the detection of atmospheric 
species that do not directly fluoresce 
under laser irradiation and normal 
t ropospher ic cond i t ions . From a 
theoretical evaluation of the overall 
efficiency of the various processes 
( f ragmenta t ion , exc i ta t ion and 
defection), it can be anticipated that 
sensitivities of the order of parts per 
trillion can be achieved, assuming 
that interferences from ubiquitous 
atmospheric gases (e.g. NOx) and 
other sulphur species (e.g. CS2) can 
be reduced to a minimum. 
The detect ion of atomic chlor ine 
resulting from the fragmentation of 
volatile organic compounds will also 
be attempted, since some chlorine 
lines can be exc i ted at a more 
accessible wavelength region of the 
dye laser employed. 
Laser photofragmentation spectro­
scopy will also be applied to the 
analysis and character izat ion of 
aerosols. In this case, the experi­
mental set­up (Fig. 16) will involve the 
handling of the aerosol flow through 
the measurement cell and an aerosol 
sampling inlet. 
Aerosol tracer. 
This study was undertaken within the 
more genera l f ramework of the 
research area "Atmospheric Sulphur 
and Climate: Field Experiments" with 
the purpose of testing the release of 
gold in the atmosphere as a potential 
aerosol tracer. 
The defection of gold in atmospheric 
particulate matter, collected on filters, 
has been carried out by exciting the 
atomic fluorescence of the vapour 
resulting from the atomizat ion of 
acidic solutions of the filters in an 
electrically heated graphite furnace. 
Two laser beams were used to excite 
the atoms to a high level, from which 
radiation in the low ultraviolet was 
detected. The absolute analyt ical 
sensitivity of the technique lies in the 
femtogram range. A background 
concentration of about 11 pg of gold 
per cubic meter, with a standard 
deviation of about 7 pg nrf3, was 
assessed. 
30 
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Fig. 15. Ozone trend at mid­latitudes as obtained from data series from Vienna (1853­1920) and from Arkona (1956 
1983) measuring stations. 
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II 
Schematic 
Side-View of 
Laser and 
Flow Cell 
Imaging Spectrograph 
Triple Grating 
Turret 
Crossed Laser Beams 
(PF and Pump) Top-View Computer 
Fig. 16. Schematic Diagram illustrating the instrumental set-up used for the 
technique of Laser Photofragmentation Spectroscopy of Aerosols. 
I : Generation and characterization of aerosols. The polydispersed stream of 
aerosols, after being characterized ¡particle number density and size 
distribution) is arranged into a monodispersed stream, which can further react 
with selected gaseous species before being fragmented by the laser beam. 
II. Spectroscopic Detection of Fragments. The aerosol stream, desolvated in a 
heating tube, is probed at the exit of the tube by a crossed pair of focused 
laser beams, which fragment the species and interrogate the fragments formed. 
Some fraction of the fluorescence emitted is collected, spectrally filtered by a 
monochromator, and detected by a multichannel ¡Charge Coupled Device, 
CCD) detector. The data are processed and analyzed by dedicated computer 
software. 
Atmosphere-Biosphere 
Interactions: the BEMA project 
The ac t iv i t ies in the f ie ld of 
atmosphere-biosphere interactions 
have con t inued to be main ly 
addressed to the study of vegetation 
emissions in the Mediterranean basin 
and their role in a tmospher ic 
chemistry and ozone formation in that 
area. BEMA, a project on Biogenic 
Emissions in the Mediterranean Area, 
has been developed in collaboration 
with 1 2 European laboratories. The 
main project activities include: 
- f i e ld exper iments at se lected 
Mediterranean sites, to evaluate the 
types and variation of the vegetation 
emissions under different physiolo-
gical and meteorological conditions, 
and to study their fate in tropospheric 
chemistry; 
- laboratory experiments in plant 
exposure chambers, and in teflon 
bag reaction chambers to evaluate, 
in selected plant species, the type 
and va r i a t i on of the vege ta t ion 
emissions under controlled conditions, 
and their atmospheric transforma-
tions. 
Field Measurements 
Before BEMA went into its 
operat ional phase, a prel iminary 
measuring campaign was performed 
in June 1993 as a test study to assist 
in further development of the overall 
BEMA concept, a first check on it 
feasibility, and the tuning of scientific 
a p p r o a c h e s and exper imenta l 
techniques. The main objectives of 
this two week-experiment were: 
- to test i nd i v i dua l l abo ra to ry 
methods for concen t ra t i on and 
emission measurements under field 
conditions; 
- to compare in-field sampling and 
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analysis methods; 
­ to screen the chemical composition 
of emissions and concentrations; 
­ to develop preliminary ideas on 
local patterns of biological, chemical 
and meteorological conditions; 
­ to check the in­field applicability of 
micrometeorological methods for 
vertical flux measurements; 
­ to fry first estimates of VOC fluxes 
from specific ecosystems and the 
comparison of cuvette and microme­
teorologial techniques; 
­ to determine sc ient i f ic and 
infrastrucfural needs and deficiencies 
to be improved in the major experi­
ments to come; 
­ to establish interdisciplinary coope­
ration among the laboratories partici­
pating in the BEMA activities. 
The ΒΕΑΛΑ concept relies heavily on 
experimental field campaigns to be 
conducted at sites in Italy, France 
and Spain within the next four years. 
Up to now, only the Italian site, 
"Castelporziano", has been identi­
f ied, where installing the required 
infrastructure could be managed in 
re lat ive ly short t ime and wh i ch 
add i t i ona l l y prov ides numerous 
scientific data from earlier measure­
ments; and which was therefore 
chosen for the preliminary study. 
The Castelporziano nature reserve 
covers ca. 4 ,800 ha between Rome 
and the sea­shore at Ostia; public 
access is limited by fencing. The site, 
ranging from sea level to 85 m a.s.I. 
is rather flat and is covered by 48.4 % 
broadleaved trees, 13.2 % sclero­
phyllic trees, 14.4 % pine plantation, 
and 9.6 % cork oak plantations. As a 
result of its geographic locat ion, 
Castelporziano shows aspects typical 
of rural Mediterranean conditions 
(almost no loca l an th ropogen i c 
emissions; land /sea­breeze influ­
ences), but also prov ides some 
unique features: large aerial sources 
of man­made emissions, being 10­15 
km northeast (City of Rome) and 
northwest (Fiumicino airport), and line 
sources from motor traffic during the 
morning and evening rush­hours east 
and west. Therefore, the land­breeze 
during the night is advecting polluted 
air, while cleaner air masses pass the 
area between ca. 10 .00 . ­ 17 .00 
hr. with the dayt ime sea­breeze. 
Mean air temperatures (period 1981­
91) range from ca. 8.3°C in January 
to 2 3 . 0 °C in August, maximum 
temperatures of more than 3 0 ° C 
have frequently been recorded in July 
and August. The annual precipitation 
¡s 7 4 0 mm, with an extended dry 
period in May (30 mm), June (27 
mm), July (4 mm) and August (23 
mm), and maximum ra in fa l l in 
October (1 30 mm). 
Two major experimental plots were 
selected for continuous measurement: 
a 30­year­old p ine /oak plantation 
with representative shrub undergrowth 
[Erica, Rubus, Cytisus, Pistacia, 
Phyllirea, Myrtus), and a semi­natural 
Mediterranean greenland, the so­
cal led "pseudosteppe" area, for 
research on low­vegetation species 
[Asphodelus, Calamintha, Pteridium, 
Cistus). Concentrations of selected 
compounds and meteoro log ica l 
parameters were monitored in the 
v ic in i ty of the p rov is iona l f ie ld 
laboratory at the school near the 
castle before, during and after the 
core campaign. 
JRC­EI experimental activities during 
the campaign focussed on: 
­ concentrat ion measurements of 
biogenic and anthropogenic hydro­
carbons and their reaction products, 
together with concentrations of "com­
mon" trace gases, e.g. 0 3 , NO x ; 
­ simultaneous evaluation of emission 
rates from oak­ and pine­trees and of 
their respective soils at the forest site 
by using dynamic cuvettes suited to 
measure the mass balance of trace 
gas exchange (VOCs, H 2 0 , C 0 2 , 
0 3 , N O J in par t ly con t ro l led 
environments; 
­ characterization of the physiological 
status of the p lants, e . g . by 
measuring photosynthesis, transpira­
tion, xylem water potential; 
­ micrometeorological support to 
determine emission/deposition fluxes 
(VOCs, N 0 2 , 0 3 ) , by using tower 
based measurements at the pseudo­
steppe site (e.g. surface energy ba­
lance, friction velocity); 
­ release of art i f icial tracers from 
below and above the canopy, in 
order to simulate the distribution of 
biogenically emitted compounds. 
In addition, two more small ad hoc 
measuring campaigns were carried 
out in August and October 1993, to 
characterize the seasonal variability 
of emission rates and of physiological 
activity. Permanently working sensors 
have been installed in the pine/oak 
forest to follow the seasonal course of 
whole tree transpiration, soil water, 
soil temperature , leaf and air 
temperature, radiation and rainfall. 
Cont inuous read ings of these 
parameters are needed to validate a 
model that simulates b i ogen i c 
emissions as controlled by physio­
logical/environmental factors under 
Mediterranean conditions. 
General measurements: 
The Castelporziano meteorological 
and chemical conditions during the 
campaign can be characterized as 
fo l lows: dur ing day t ime, almost 
undisturbed insolation led to surpri­
singly high radiation values, which 
seemed to be used almost exclusively 
for sensible heating due to the lack of 
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avai lable l iquid water. Therefore, 
especially in the second half of the 
campa ign , air temperatures were 
considerably higher than their 10­
year averages. W i n d speed and 
d i rec t ion , however , behaved as 
expected, and developed, under the 
influence of the land /sea­breeze 
regime, strong diurnal cycles, with 
winds from S­SW during day and N­
NE at night. Also, ozone, showed 
well­expressed dai ly patterns with 
minima c lose to zero at n ight , 
followed by a sudden increase with 
sunrise, and maximum peaks in the 
a f ternoon of 5 0 ­ 1 0 0 p p b . Both 
nitrogen oxides, N O and N 0 2 were 
strongly negatively correlated with to 
O3 levels. 
The general physiological status of 
the trees and shrubs in the forest can 
be defined as transitory to normal 
M e d i t e r r a n e a n summer d rough t 
conditions. In the open greenland 
"pseudosteppe", the dominnant plant 
species were already decayed, the 
site showed a brownshaped aspect. 
In the forest, soil water was still 
ava i lab le at 3 0 ­ 5 0 cm, but was 
a l ready l imited in the uppermost 
horizons. The measurements of xylem 
water potential and of transpiration of 
the trees reflected this situation: the 
p redawn water potent ia l (values 
a p p e a r i n g after nocturnal water 
resaturation) of the trees indicated a 
slight drought stress in the case of 
oak (ca ­5 bar) and a more severe 
drought stress of pine (ca. ­10 bar); 
the rates of photosynthesis and of 
transpiration were higher in oak than 
in pine, oaks reacted actively and 
clearly with stomatal closure during 
midday. 
Cuvette measurements: 
Fig. 17 shows h e midday depression 
of transpirational water loss in oak 
trees in cuvette Q l for the period 
June 9­10, when the group of Prof. 
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Fig. 17. Diurnal rates of monoterpene emissions and of transpirational water 
loss for Quercus ilex ¡BEMA campaign, June 9­10, 1993) 
Torres (Toulouse) performed on­line 
measurements of monote rpene 
emissions in this cuvette. The transpi­
ration rate of the oak branch in Q l 
fol lowed the sun exposure pattern, 
with values being slightly higher on 
June 10, with full sunshine than, on 
June 9, wi th some clouds during 
midday; a clear midday depresssion 
appeared on both days, indicating 
stomatal closure due to the extremely 
high Air­to­Leaf Water Vapor Pressure 
Deficit (ALVPD) typical of Mediterra­
nean summer drought conditions. The 
emission rates of monoterpenes follo­
wed this pattern, with slightly higher 
values on June 10 and a pronounced 
midday depression on both days. 
Quantitatively, the most important 
monoterpenes emitted from Quercus 
ilex are a­p inene, ß­pinene and 
sab inene ; the a v e r a g e day t ime 
emission rate of a­pinene as the main 
compound varied between 5 and 20 
[pg g 1 (LDW) hour' ] with different 
days, branches and trees, being 
clearly higher than any other values 
reported in the literature for conifers 
and other plants. The main com­
pounds emitted from Pinus pinea 
were limonene, ocimene, l inalool, 
and 1,8­cineol, with emission rates in 
the range of l­5[pg g ' (LDW) hour']. 
Interestingly, oc imene as a main 
compound emitted in June, could no 
longer be observed in October. For 
both tree species, the emission rates 
of the major monoterpenes were 
orders of magnitude higher than the 
emission rates of isoprene. 
This day­night pattern of biogenic 
emissions was demonstrated by the 
effect of an experimental darkening 
of the cuvettes. Cuvettes PI and Q 2 
were fully darkened by wrapp ing 
with tinfoil for 24 hours on June 12, 
and in alternation the cuvettes P2 and 
Q l on June 13. The emissions rates 
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simultaneously measured in all four 
cuvettes during both days are plotted 
in Fig. 18, together with the transpi­
ration data.The emission amplitude of 
the oak branches is s igni f icant ly 
higher than that of the pine branches. 
O a k emission in the da rkened 
cuvettes was about 100­300 times 
lower than in the light, while the pine 
emissions decreased in réponse to 
the treatment by 2­8 times only. 
Concentration measurements: 
Concentration measurements in the 
pseudosteppe were carried out to 
estimate the ambient air concen­
tration of biogenic hydrocarbons, 
e . g . terpenes, and vo la t i le low 
molecular carbonyl compounds, e.g. 
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Fig. 18. The effects of artificial cuvette darkening (Q2, PI on June 12; Ql, P2 
on June 13) on monoterpene emission and transpiration by pine and oak 
(BEMA campaign, June 12­13, 1993). 
formal­dehyde, acetaldehyde and 
acetone. The dominant monoterpene 
hydrocar­bons were found to be Ol­
and ß­pinene. Ambient air concen­
trations measured at ground level 
ranged from 80 to 370 ng m'3 and 
from 200 to 380 ng m3 for ß­pinene 
and a­p inene, respect ive ly . N o 
significant differences in the ambient 
air concent ra t ions of these 
compounds between morning and 
afternoon air samples were observed. 
Ambient air concentrations, for, for 
example, formaldehyde, as the main 
volatile carbonyl found, ranged from 
4 to 2 4 pg m'3. Highest concen­
trations were found in the morning 
hours, with a clear decrease in the 
late a f te rnoon . The dominan t 
compounds found in the emission gas 
of selected shrub species [Cistus, 
Pteridium) present in the pseudo­
steppe were aldehydes (C2 to C,0). In 
add i t ion , monoterpene hydrocar­
bons, i.e. limonene, sabine­ne, oci­
mene, myrcene, a ­p inene and 
alcohols, e.g. ethylhexanol, were 
found only at trace levels. 
In the pine/oak forest, measurements 
were mainly focused on the determi­
nation of the ambient air concentra­
tions of terpenes and aldehydes. The 
most abundant monoterpenes found 
in this area were a­ and ß­pinene, 
sabinene and limonene. Concentra­
tions ranged from 1.1 to 1 .4 pg m3 
for a­pinene and from 0.5 to 1.0 pg 
m 3 for ß­pinene. Sab inene and 
limonene were detected in lower 
concent ra t ions ( ­ 0 . 5 pg m3). 
C o m p a r e d to the amb ien t air 
concent ra t ions found in the 
pseudosteppe, the concentrations of 
monoterpenes measured in the 
pine/oak forest were clearly higher. 
Ambient air concentrations of formal­
dehyde were found to be lower than 
those in the pseudosteppe, ranging 
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from 2.5 to 12 pg m3. However, in 
contrast to the daily variation in the 
pseudosteppe with higher values in 
the morning hours, in the p ine/oak 
forest the ambient air formaldehyde 
concentration increased in the after­noon. 
Micrometeorological measurements: 
The application of the vertical gra­
dient method is based on the use of 
the Fickian­like law which governs 
atmospheric turbulence­driven diffu­
sion: 
2­6­93 3­6­93 4­6­93 F = ­K2 
0 6 12 18 0 
Time (hours, UTC+2) 
Fig. 19. Preliminary determination of vertical fluxes of isoprene by the gradient 
method (BEMA campaign, June 2­6, 1993). 
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Fig.20. Ozone deposition velocities at the pseudosteppe site (BEMA campaign, 
June 2­6, 1993). 
dC 
dz 
where F is the f lux, C is the 
concentration, ζ is the measurement 
height ¡above ground level), and K. 
is the turbu­lent vert ical diffusion 
coefficient. The latter can be derived 
from microme­teorological observa­
tions using the classical surface­layer 
theory formula 
Kz = ku' Φ(ζΛ) 
where k is the von Karman's constant 
(= 0.4), u* is the friction velocity, ζ is 
the measurement he ight ,Φ is the 
surface layer stability function, and L 
is the Monin­Obukhov length. The 
values of u* and L are directly deri­
ved from micrometeorological measu­
rements and the analytical form of F 
is taken from the literature. 
The micrometeorological measure­
ments we re ca r r i ed out in the 
pseudosteppe area by two sonic 
anemometers placed at heights of 2 
and 8 m above ground. The coeffi­
cient K/ was determined by this me­
thod during the campa ign . Using 
concentration measurements carried 
out along a 14 m high mast erected 
near the micometeorological tower, 
fluxes can be determined using the 
first equation. A preliminary example 
regarding isoprene is presented in 
Fig. 19 . It c lear ly shows that a 
maximum upward flux occurs around 
noon. 
Figure 2 0 shows an example of 
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ozone deposition velocities measured 
during the Castelporziano campaign. 
The deposition velocity is equal to the 
flux divided by the concentration. It 
shows a maximum at noon of around 
0.3 cm s' and no deposition during 
night-time. This observat ion is in 
agreement with most recent literature 
data. 
The most relevant micrometeoro-
logical data within the frame of the 
BEMA project are the turbulent heat 
fluxes. The sensible and latent heat 
fluxes were observed dur ing the 
campaign. The data show the expe-
cted classical behaviour, roughly 
following the curve of the solar eleva-
tion angle. The Bowen ratios (sensi-
ble heat flux divided by the latent 
heat flux) were quite high, ranging 
between 2 and 3, wh ich is the 
consequence of the very dry state of 
the site at which the observing station 
was located. 
Time (h) 
Fig.21. Time variation for ozone formation in the ß-pinene/NOx-air 
photochemical system (ß-pinene initial cone. 246 ppbv; NO initial cone. 19 
ppbv; T=23.6 °C; RH 58%; UV-intensity ca 25 W/m<). 
Fig. 22. Ozonolysis of a-pinene: formation of reactive intermediates; conversion 
of NO to NO2 
Laboratory Experiments 
Teflon bags 
Previous work was focused on the 
investigation of the ability of selected 
anthropogenic and biogenic com-
pounds (a- and ß-pinene, isoprene, 
toluene) to form ozone in the NOx-air 
photochemical system. Compared to 
isoprene/NOx and toluene/NOx-air 
mixtures, a- and ß-pinene are less 
reactive ( 4 0 %) in terms of ozone 
production rates (ppb min'), with the 
reactivity being in the order isoprene 
>toluene > > a - and ß-pinene. In 
1 9 9 3 , l abo ra to ry studies we re 
conduc ted to address re levant 
questions on the atmospheric fate of 
natural hydrocarbons, and in parti-
cular, of monoterpenes. The experi-
ments were mainly focused on the 
formation and isolation of oxidation 
products for mechanistic considera-
tions and on the role of the Criegee 
intermediates for the conversion of 
N O to N 0 2 under s imulated 
atmospheric conditions. 
From the experiments performed in 
these studies, there is an indication 
that the reaction products formed 
during the sunlight i r radiat ion of 
te rpene /NO x -a i r mixtures do not 
have any impact on the ozone build-
up. Sunl ight i r rad ia t i on of, for 
exemple, ß-pinene/NOx-air mixtures 
initially leads to ozone formation, 
wh ich subsequent ly is par t ly 
destroyed through fast reaction with 
the remaining ß-pinene. The reaction 
products formed did not appear to 
have the ability to produce additional 
ozone (Fig. 21 ). 
In addition, a series of experiments 
were performed in the dark using 
Teflon bags as chemical reactors (see 
annual report for 1992) to study the 
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Fig. 23. GC­FID chromatograms showing monoterpene emission from Quercus 
ilex in light (A) and dark ¡B) at the same temperature of 15 °C 
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Fig. 24. Effects of a 2 hour light treatment on monoterpene emissions from a 
dark adapted Quercus ¡lex sapling at constant temperature. 
oxidising capaci ty of the Criegee 
intermediates formed dur ing the 
atmospheric oxidation of monoter­
penes and isoprene. Criegee interme­
diates have been considered respon­
sible, as indicated for a­pinene, for 
example, in Fig. 22 , for the conver­
sion of N O to NO.>. Up to now, 
however, no experimental evidence 
exists on the "hypothetical" oxidation 
of N O to N O , v ia the a b o v e 
mentioned mechanism. 
In a typical experiment, a­pinene 
(100 ppbv) and ozone ( 6 0 ppbv) 
were left to react for four hours in 
Teflon bags in the dark. After two 
hours al l the ozone had been 
consumed, so that no detectable 
ozone was present in the bag. It was 
observed that the added N O ( 25 
ppbv) was slowly oxidised to NO.,. 
Control experiments made in parallel 
d id not show any N O , formation. 
The results obtained provide clear 
evidence for the oxidising potential of 
the terpene/ozone reaction products. 
However, the conversion rate of N O 
to N O ? ( 0 .03 ppbv min') estimated 
under the experimental conditions 
used in these studies was rather low 
and therefore d id not significantly 
influence the total ozone budget in 
the t e r p e n e / N O , photochemica l 
system. 
Plant Exposure Chambers. 
A second laboratory activity contri­
buting to BEMA has been performed 
in plant exposure cham­bers in the 
greenhouse, comprising: 
(i) screening the types and amounts of 
compounds emitted from Mediterra­
nean tree and shrub species; and 
(ii) searching for the environmental 
and physiological key factors control­
ling these emissions. 
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Six Teflon-covered CSTR-chambers 
(Continuous Stirred Tank Reactors, 
1,200 I) are used to study simulta-
neously the mass balance of trace 
gas exchange at long-term exposed 
tree samplings. Short-term experi-
ments are performed with a similar 
CSTR system of six size-adjustable 
cuvettes (25-400 I) of the same type 
as used in the field campaigns. 
Several forest trees [Picea abies, 
Pinus halepensis, Pinus pinaster, Pinus 
pinea, Quercus suber, Quercus ¡lex) 
have been examined for the type and 
amount of emissions and for the 
parameters controlling them. Mono-
terpene emissions from conifers are 
loglinearely correlated to leaf tempe-
rature, whereas physiological activity, 
light exposure, realistic pollutant 
exposure to 0 3 / S 0 2 and drought 
stress, play a minor role; however, 
temperature control can be superim-
posed by factors such as wetting of 
needles or mechanical stress due to 
strong winds or due to the mounting 
of the branch in the cuvette. 
Most interest ing are the results 
obtained with the holm oak [Quercus 
¡lex). Up to now, all oak species 
investigated have been described as 
strong isoprene and non-monoterpene 
emitters, but holm oak is the oppo-
site. As confirmed later during the 
BEMA field campaigns (Fig. 1 8), this 
evergreen oak species emits large 
amounts of monoterpenes, in contrast 
to another evergreen oak species, 
Quercus suber (cork oak), where 
terpene emissions were low or not 
detectable. In addition, monoterpene 
emissions from the holm oak are 
triggered by light and physiological 
activity instead of temperature, as has 
been shown in experiments under 
various light and temperature conditions. 
Representative emission spectra of 
holm oak exposed in the light vs. the 
dark at a constant temperature of 15 
°C are shown in Fig. 23. In another 
experiment, performed in a tempera-
ture controlled cuvette, a holm oak 
sapling adapted to the dark was 
exposed to the light for a two-hour 
period. The emission rates shown in 
Fig. 24 , together with temperature 
and light exposure, clearly indicate a 
strong and fast reaction of monoter-
pene emissions to light. 
Because the holm oak (in contrast to 
conifers) has no monoterpenes accu-
mulated in its leaf or bark, the emitted 
compounds should be derived from 
an immediate, unknown metabolic 
pathway. 
The experimental data give some 
ind ica t ions that p lant- intr insic 
physiological factors govern the 
emission process, wh i le outside 
environmental factors have only 
indirect effects. It is not easy to 
understand the relative contribution, 
of physiology and environment to the 
emission process, because the factors 
are not at all independent. However, 
this feature needs further investigation 
in order to develop an understanding 
of the process and the algorithms 
needed for the calculation of emis-
s ion inventories. 
The European IGAC Project 
Office (EIPO) 
During 1993, EIPO, created to provi-
de a better coordination between the 
CEC Environment p rog ramme, 
t ropospher ic chemistry research 
projects and the wor ldwide IGAC 
project, entered in its active phase. 
EIPO is a bureau which is located at 
Ispra. If is managed jointly by theJRC 
and DG Xll /D, and controlled by a 
Scientif ic Steering Group ¡SSG), 
which decides on its general direc-
tions. EIPO began operation in early 
1993. During that year, it provided 
f inancial support to seven IGAC 
workshops (see below), responded to 
a number of information requests, 
and helped European scientists active 
in atmospheric chemistry to establish 
links with each other. 
Funding was p rov ided for the 
following workshops: 
1 . NARE (North Atlantic Regional 
Experiment), Norwich, UK, January 
27-29; 
2. TRAGEX (Trace Gas Exchange: 
Mid-Latitude Ecosystems and Atmo-
sphere), Munich, FRG, April 23-24; 
3. BIBEX (Biomass Burning, Experi-
ment), Victoria Fall, Zimbabwe, June 
2-5; 
4 . GLOCHEM (Global Atmospheric 
Chemistry Survey), Mainz, FRG, June 
28-30; 
5. ACE-2 (Aerosol Characterisation 
Experiment-2), Ispra, June 12-14; 
Seattle, USA, September 14-16; 
6. MILOX (Mid-Latitude Ecosystems 
as Sources and Sinks for Atmospheric 
Oxidants), Atlanta, USA, September 
15-17; 
7. MAGE (Marine Aerosol and Gas 
Exchange) , Bordeaux, France, 
October 25-29. 
Moreover, EIPO supported the partici-
pation of European scientists in the 
1st IGAC Conference, held at Eilat 
(Israel) in April. 
Steps have are now in progress 
toward setting up joint CEC/ IGAC 
research projects. 
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ENVIRONMENTAL 
CHEMICALS 
This is the El's second large research 
area cover ing various act iv i t ies, 
which can be grouped under main 
headings, as follows: 
- Evaluation of Chemicals; 
- Indoor Air Pollution; 
- Soil, Water, Waste. 
Although, at first sight, these three 
top ics w o u l d a p p e a r not to be 
connected to each other, it must be 
stressed that a common denominator 
is represented by the chem ica l 
compounds which are produced and 
u t i l i zed in such amounts as to 
generate unwanted consequences for 
the env i ronment and for human 
health. 
Various matters are dealt with, such 
as the cataloguing of chemicals data, 
the impact on indoor air quality, the 
interact ion wi th so i l , ana ly t ica ls 
problems in connection with the va-
rious ecosystems of concern, and-
water pollution. 
ECDIN - D a t a b a n k 
As was already mentioned in prece-
d ing Annual reports, ECDIN is a 
factual data bank, aimed at bringing 
together a wide variety of data on 
chemicals which are being produced 
industrially in such amounts as to be 
of environmental significance. 
The fol lowing major categories of 
information are covered: 
• Identification (3 files) 
• Physico-chemical Properties 
• Production and Use (4 files) 
• Legislation and Rules (2 files) 
• Occupational Health and Safety (5 
files) 
• Toxicity (5 files) 
• Concentrations and Fate in the 
Environment (9 files) 
• Detection Methods (2 files) 
• Hazards During Transport and 
Storage 
ECDIN conta ins in fo rmat ion on 
122 ,392 compounds, including all 
substances contained in the "Euro-
pean Inventor/ of Existing Chemical 
Substances" (EINECS). 
In the course of 1 9 9 3 , within the 
framework of the agreement between 
JRC and Umweltbundesamt (specific 
data collection for more than 3 0 0 
chemicals substances of interest for 
the German Ministry of Environment), 
the f o l l o w i n g da ta f i les w e r e 
updated: 
• Abiotic deg'adation 
• Concentration in the environment 
• Bioaccumulation/Biodegradation 
• Mutagenicity 
• Experimental toxicity 
• Aquatic toxicity 
In order to comp i le , in the most 
suitable way, the toxicological sector 
of ECDIN, two main updatings have 
been performed on the specific data 
files "Experimental Toxicology" and 
"Effects on Reproduction" 
Experimental Toxicology 
This file contains selected information 
and information to be evaluated on 
experiments concerning the toxic 
effects produced by exposure of 
animals to chemicals. The data file 
records 3 6 , 0 0 0 experiments concer-
ning 1 8,005 substances. 
The effects d iv ided in acute, sub-
chronic and chronic exposure experi-
ments are recorded together with 
descriptions of the animal species, 
route of administration and time of 
exposure. 
For each experiment, the following 
information are reported: 
• Type of the study (acute, chronic, 
etc.); 
• Exposed organisms and number of 
exposed animals; 
• Effects (histological, biochemical, 
etc.); 
• References. 
When, for each chemical, more than 
10 experiments are recorded , a 
toxicological summary is provided 
and inserted in the file. The texts of 
the summaries list essential informa-
tion in a clear but short matrix. Sum-
maries have been p roduced for 
about 3 5 0 chemical substances. The 
layout of presentat ion is shown 
below. 
Effects on reproduction (including 
Teratogenicity) 
This is a new file, included in the 
tox ico log ica l sector of ECDIN in 
order to improve the description of 
the low doses/long-term effects of 
chemica ls both on humans and 
animals. 
The data file gives information, which 
refers to the effects of chemica l 
substances on the developing fetus, 
when pregnant women are exposed 
to toxic agents. In a wider sense, it 
also provides information on the 
effects of chemicals on reproductive 
capacity. 
The layout for presentation of the 
data is shown below. 
A data collection both for human and 
animal studies, was carried out for 
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experiments regarding 63 chemical 
substances. In the future, collection 
will proceed, with the international 
evaluated literature being used as the 
main references. 
As far as ECDIN d i f fus ion is 
concerned, at present, the data bank 
is distributed in two principal ways, 
namely, on­line and CD­ROM. 
The on­line diffusion of ECDIN is 
currently organised through commer­
cial information institutions or compa­
nies. In Europe, the German Institute 
DIMDI (Deutches Institut für Medi ­
zinische Documentation und Informa­
tion), on behalf of the Commission, is 
the host for the distribution of ECDIN 
on­line. In the United States, the host 
for ECDIN is TDS (Technical Data 
Services, Inc.), based in New York. 
Currently, the ECDIN Database is 
transferred from the ADABAS data­
base system to ORACLE/SQL Forms, 
for reasons of flexibility and providing 
better interface possibilities. 
In order to benef i t from the 
advantages of the CD­ROM techno­
logy, the whole data base of ECDIN 
has been made available on a CD­
ROM, a new version having been 
published in 1993. 
Indoor Pollution 
The Institute's contribution in this field 
consists of (i) research aimed at the 
assessment of organic indoor pollu­
tion, its sources and sinks, and (ii) the 
management and scientific coordina­
tion of the European Collaborative 
Action (ECA), "Indoor Air Quality and 
Its Impact on Man" . 
Indoor pollution by organic com­
pounds is of considerable concern. 
Many organic indoor pollutants are 
known or are suspected of causing 
carcinogenic, neurotoxic, allergenic, 
immunotoxic, irritating or sensory 
effects. In particular, volatile organic 
compounds (VOCs) are often 
imp l ica ted, and sometimes have 
been shown to p lay a role in 
situations leading to complaints about 
inadequate indoor air quality in office 
buildings or other indoor environ­
ments. Building and furnishing mate­
rials, and household and hobby pro­
ducts, are important indoor sources of 
these compounds. By adsorpt ion 
processes, indoor materials may also 
act as sinks of o rgan i c indoor 
pollutants and, by subsequent desorp­
tion, they may become secondary 
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source of them.The Institute's research 
activities are focused on the develop­
ment and validation of methods for 
the analys is of o rgan i c indoor 
pollutants and for the characterization 
of their sources and sinks. 
Work performed in 1993 was aimed 
at: 
­ improving a small chamber method 
for the determination of VOC emis­
sions from indoor materials and pro­
ducts, 
­ studying the adsorption of VOCs on 
indoor materials, 
­ the completion of, and initial experi­
ments with, the new Indoortron labo­
ratory, and 
­ further analysis of semi­volati le 
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Fig.25. Modelling of the dynamic adsorption of n­decane on a carpet. From 
time zero, a constant flow of n­decane is introduced into an environmental 
chamber (0.45 m3 volume) containing 0.5 m2 of a Nylon carpet with SBR 
backing. The new model with two reversible sinks fits the experimental 
concentration vs. time data substantially better than 'the one­sink model. 
Compared to the model with one reversible and one irreversible sink, the new 
model still fits the experimental data better, but also shows more clear that at the 
end of the experiment ¡after 48 hours), the chamber concentration is still 
increasing, i.e. no steady state has yet been reached 
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Fig.26. Distribution of eight test compounds between three adsorbing materials, 
the chamber walls and the gas phase. The figure shows the distribution 
coefficients, defined as the ratio of the sum of the masses adsorbed in two 
reversible sinks (as estimated by the new model) per m2 of sorbing material and 
the chamber concentration at the end of the experiment. The coefficients range 
from about 1 m\m2 for the empty chamber to about 90 m3.m2 for the 
adsorption of 2­butoxyethanol on gypsum board with cartoon finish. 
organic compounds (SVOC) and 
particulate organic matter (POM) in 
house dust and indoor air using 
combined supercritical fluid extraction 
gas chromatography (SFEGC). 
VOC emission measurements 
Measurements in small test chambers 
of VOC emissions from a thin film 
source material (a water based floor 
wax) have shown unacceptably large 
d i f fe rences be tween the results 
obtained in a previous international 
intercomparison experiment. Of the 
potential factors contributing to these 
d i f fe rences , f i lm thickness and 
homogeneity and air velocity at the 
sample sur face had not been 
controlled in this experiment. Because 
of the a v a i l a b i l i t y of a s imple 
techn ique (Kastenrakel) for the 
appl icat ion of homogeneous paint 
films, a wate'­based paint has been 
selected for a further intercomparision 
experiment. Extensive tests have been 
performed at the El with the selected 
paint, in order to develop guidance 
for the new experiment and, in parti­
cular, for preparing the paint films 
and controlling the surface air velo­
city. Paint samples have been distri­
buted to 25 laboratories in Europe, 
North America and Australia, which 
appl ied to participate in the inter­
comparison experiment. At the end of 
the experiment, oil paint samples will 
be ana l yzed at the JRC for f i lm 
thickness and homogeneity. 
VOC sorption measurements 
Adsorption of VOC on indoor mate­
rials modifies their indoor concentra­
tions and hence, human exposures. 
Adsorption will lower peak concen­
trations (e.g. during painting or other 
VOC­emi t t ing act iv i t ies) , but the 
subsequent desorption will prolong 
the presence of VOCs. In order to 
characterize the adsorption properties 
of indoor surface materials, dynamic 
and static chamber studies were 
started in 1992. Eight typical indoor 
pollutants, covering a wide volatility 
range and representing lipophilic and 
hydrophil ic compounds and three 
indoor mater ia ls (F ig .26 ) , were 
selected for a quantitative adsorption 
study. The tentative descriptions of the 
dynamic adsorption data derived 
from two models invo lv ing one 
reversible sink or a reversible plus an 
irriversible sink, were both unsatis­
factory but yielded indications that a 
description with two reversible sinks 
with different adsorption/ desorption 
constants or dynamics would proba­
bly be adequate. This model was 
developed in 1993 and initial data 
from its a p p l i c a t i o n have been 
obta ined: 1 They are d isp layed in 
Figures 25 and 26 . Figure 25 gives 
an example (adsorption of n­decane 
on a carpet) of the improved fitting of 
the experimental data obtained with 
the new model. Figure 26 shows the 
distribution of eight test compounds 
betweeen the three adsorbing mate­
rials and the vapour phase after 48 
hours of dynamic adsorption. The 
distribution coefficients demonstrate 
that adsorption depends strongly on 
both the adsorbed compounds and 
the adsorbing material. The boiling 
point of the adsorbed compounds, 
which increases from TCE to C I 2, is 
obviously only one among many 
other factors determining adsorption 
behaviour. The important role of the 
adsorbing material becomes most 
ev ident when look ing at the 
distribution coefficients for gypsum 
board , which are smallest for all 
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Fig.27. Scheme of the device for VOC injection into the air supply flow of the 
Indoortron test chamber. An HPLC pump delivers constant, small amounts of a 
liquid mixture of VOCs via a flow splitter through a quarz capillary (100 μπι 
i.d.) to a stainless steel diaphragm placed in the air supply stream. Droplets of 
the liquid VOC mixture fall at regular intervals (about 4 min) onto the diaphragm 
and cause short negative temperature peaks. Recording these peaks, the 
constancy of the VOC flow can be monitored. 
compounds except for the two 
alcohols (2-BET and 2-EHJ, for which 
the highest distribution coefficients 
(i.e. the strongest adsorptions) are 
observed. 
Further equipment and the initial use 
of the new Indoortron laboratory 
The production of test atmospheres 
containing known amounts of VOCs 
at typical indoor concentrations ( 1 Ο­
Ι 0 0 μg m3), including polar and 
higher bo i l i ng compounds (e .g . 
ethylhexanol, n-undecane), is impor­
tant for the validation of sampling 
and analytical methods. Because of 
adsorption phenomena, small scale 
devices for the production of such fest 
atmospheres are usually only reliable 
for hydrocarbons with relatively low 
boil ing points. The Indoortron test 
chamber, with its high volume and 
low surface-to-volume ratio, offers the 
possibility of producing these atmo­
spheres by direct injection of liquid 
mixtures containing a broad range of 
test compounds into the clean, dry air 
supply. A device has been develo­
ped (Fig. 27 ) , wh ich al lows the 
controlled injection of less than 1 μΙ min1 
of liquid VOC mixtures. Therefore, at 
the highest air supply flow of 60 m3 
h', total VOC concentrations of less 
than 1 mg m3 can be obtained with 
concentrations of less than 10 μg m3 
for individual compounds. 
During the testing of the V O C 
injection device, the flow measure­
ment and control of the Indoortron 
supply air turned out to work incor­
rectly. A streamliner had to be intro­
duced in front of the supply air flow 
meter and the flow meter had to be 
recalibrated. An automic device for 
measuring the decay of SF6 trace 
gas concentrations in the test cham­
ber has been built, in order to allow 
for independent air flow control. 
The chamber has been used for 
testing two air cleansing devices for 
use indoor, which were supposed to 
reduce respirable particulate matter 
(RPM), and also organic vapours, 
such as formaldehyde, in indoor air 
and particularly in smoking areas. 
Figure 28 shows an example of the 
performance of one of the devices. 
None of them were effectively able 
to reduce formaldehyde. 
Determination of SVOC and POM in 
house dust and indoor air 
The on-line combination of super­
critical fluid extraction (SFE) with gas 
chromatography (GC) and mass 
spectrometry (MS) had been used in 
1 9 9 2 for first analyses of semi-
volatile organic compounds (SVOCs) 
and particulate organic matter (POM) 
in house dust and indoor air samples. 
In 1993, three adsorbents (Tenax, 
Carbotrap C and polyurethane foam 
(PUF)) were compared with respect to 
their suitabil i ty for air sampl ing. 
Tenax and C a r b o t r a p C were 
superior with respect to their break­
through volumes, but did not allow 
ext ract ion of the higher bo i l i ng 
compounds of interest (bp>n-C32 for 
Tenax, bp>n-C,6 for Carbotrap C). 
PUF plugs, which can be accommo­
dated in the on-line extraction cell, 
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Fig.28. Decay - with and without an air cleaning device - of the concentration 
of respirable particulate matter ¡RPM, <3.5 ßm) and of formaldehyde ¡HCHO) 
after automatic smoking of three cigarettes in the Indoortron test chamber. 
Whereas there is no significant differences for the decay of formaldehyde with 
and without the air cleaning device, the RPM decay corresponds to an air 
change rate of 1.3 h' with the air cleaning device and to only 0.1 h' without 
it. If the increase of the air change rate of 1.2 h' corresponding to 36 m3 h ' 
(chamber volume=30 m3) is compared to the air flow through the air cleanser of 
240 m3 h', a filter efficiency of 15% results for RPM. 
CO? type 
SFE grade (brand 1 ) 
SFE grade (brand 2) 
Analytical grade 
Technical grade 
Amount of organic impurities per gram of 
C 0 2 ^ g g ' ] 
without with 
charcoal filter charcoal filter 
67 16.2 
75 8.6 
170 8.9 
204 17.7 
Table 3. Organic impurities in different CO-, types, with and without a charcoal 
filter. 
can be extracted readily, but have a 
breakthrough volume of less than 3m3 
for the compounds at the lower end 
of the boiling point range of interest 
(bp < n-C,0; 70% breakthrough of n-
C,8). 
In view of the considerable cost of 
high purity CO : , needed for SFE, an 
attempt was made to use activated 
charcoal for purifying inexpensive 
technical g rade CO.,. A stainless 
steel column of 4 cm internal dia and 
5 0 cm length, filled with charcoal 
(type DeguSorb F 1 2 / 4 7 0 of Chem-
viron Carbon), was inserted in the 
liquid CO., flow between the CO^ 
cylinders and the SFE pump. The 
puri ty (total content of o r g a n i c 
compounds) of four CO., brands of 
different quality was measured with 
and without the charcoal filter. Table 
3 shows the results. The least 
expensive technical grade CO,, with 
the charcoal filter contained 3.8 
times less organic impurities than the 
cleanest SFE grade CO., without the 
charcoal filler. 
Management of the European 
Collaborative Action (ECA), "Indoor 
Air Quality and its Impact on Man ". 
In 1993, the European Collaborative 
Action, "Indoor Air Quality and Its 
Impact on M a n " , publ ished two 
further reports: Report nr. 1 2 collates 
and evaluates available knowledge 
on health effecs, occurrence, sam-
pling and analytical methods, and 
observed values of b i o l o g i c a l 
part icles in indoor environments. 
Report nr. 1 3 summarizes the results 
of a first set of interlaboratory compa-
risons of VOC emission measure-
ments in small test chambers, prepa-
red and organized by the El and 
a imed at va l ida t ing a gu ide l ine 
which was published earlier by the 
ECA. 
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Fo l low ing p repara to ry work 
performed in 1 9 9 2 , the Steering 
Committee decided to charge three 
new work ing groups w i th the 
following tasks: 
- Proposal of a procedure(s) to 
evaluate bu i ld ing materials wi th 
regard to their emissions. Initially, 
work w i l l be l imi ted to f loor ing 
materials. Three subgroups and a co-
o rd ina t ing group are p repar ing 
proposals for the chemica l and 
sensory characterization of organic 
emissions, for their tox ico log ica l 
evaluation, for exposure assessment 
based on emission data, and models 
for predic t ing the prevalence of 
discomfort and for risk characteri-
zation. 
- Identification of ways of integrating 
good indoor air quality (IAQ) and a 
safe and efficient use of energy. The 
group is p repa r ing a document 
identifying: 
- human requirements and crit ical 
building factors related to energy use 
in buildings; 
- cases where requirements of IAQ 
and energy efficiency are in accor-
dance and where they are potentially 
conflicting; 
- trends for the future in construction, 
remodelling, energy use, occupant 
and society demands on environ-
mental quality, and their consequen-
ces for IAQ; 
- research needs and g u i d a n c e 
required by the building community. 
The group is also charged wi th 
critically reviewing international and 
European national documents relating 
to IAQ, energy use, or both. 
- Identify and define an indicator of 
indoor pollution by VOC. 
"Total volatile organic compounds" 
(TVOC) is a quantity which is often 
used to characterize indoor pollution 
by VOCs or VOC emissions from 
indoor materials and products. Yet no 
satisfying definition of this quantity 
exists. The new working group is 
cha rged - in co l l abo ra t i on wi th 
W H O Euro - with developing and 
defining a "descriptor" of VOCs (e.g. 
a combination of VOCs belonging to 
different compound classes), which 
could be used as an indicator of 
exposure and wh i ch might be 
interpreted in terms of effects on 
health and/or comfort. 
In addition to these new activities, 
work for guidelines on VOC sam-
pling in indoor environments and on 
the design of intervention studies 
aimed at improving indoor air quality 
in buildings, has continued. 
An important event which took place 
in 1993 was Indoor Air '93, the sixth 
International Conference on Indoor 
Air Quality and Climate, held in July 
'93 at Helsinki. The Commission and 
the ECA served as co-sponsors and 
many Steering Committee members 
participated in the preparation and 
running of the Conference. JRC staff 
contributed four papers and chaired 
two sessions. 
Chemical W a s t e 
So/7 - Pollutant Interaction Studies 
The surface and subsurface transport 
of toxic organic compounds and 
metals has become pertinent with 
regard to risk assessment of 
accidental spills or gradual leakage 
from landfill repositories. Modelling 
environmental mobilities of synthetic 
chemical residues represents a field 
of current geochemica l research 
effort. For reliable predictions of the 
behaviour of such contaminants in 
soils and groundwater systems, if is 
important to understand how the 
quantity and modes of inputs and 
outputs are linked to water motion 
and the dispersal process. Research 
in the Institute is based on the 
comparison of laboratory investiga-
tions with observations of natural 
processes and with modelling. This 
was also the subject of a workshop 
held in Alsace (F) and co-organized 
with the CNRS-Strasbourg (F), the 
ETH/EAWAG-Zurich (CH) and the 
University of Heidelberg (D). 
The intrinsic variability of hydrody-
namic and geochemical conditions in 
aquatic environments causes uncer-
tainties which affect both models and 
parameters. Therefore, methods of 
probabilistic analysis are required to 
model react ive transport. A 1-D 
hydrodynamic transport code was 
coupled to routines of uncertainty and 
sensitivity analysis. A review of the 
available literature was conducted 
aimed at ident i fy ing the existing 
computer programmes in the area of 
chemical transport modelling. Inter-
comparison and veri f icat ion tests 
were per fo rmed on the codes 
qualified during this first stage of the 
selection procedure. The work done 
in this period was mainly concerned 
wi th the imp lementa t ion of the 
selected c o d e in the UNIX 
env i ronment , the a p p r o p r i a t e 
modifications to accomodate kinetic 
react ions, the construct ion of a 
module to perform mass balance 
computations, and, finally, a new 
strategy of time-stepping, in order to 
improve the stability criteria of the 
numerical scheme and to reduce the 
memory requirements of the 
programme. The coupled code will 
be tested on the basis of the results of 
laboratory experiments on the trans-
port behaviour of Cr(lll), as is descri-
bed below. 
The reduction of hexavalent chromium 
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to the trivalent state is considered a 
safe strategy for the disposal of Cr­
containing wastes. This is based on 
the much lower solubilities of Cr(lll) 
compounds with respect to Cr(VI) 
compounds. Surface­mediated redox 
transformations and complexing with 
dissolved organic matter (DOM) may, 
however, lead to on enhancement of 
envi ronmental mobi l i ty . Previous 
studies using laser f luorescence 
spectroscopy have shown that Cr(lll) 
ions bind strongly to humic acids 
(HA), an important component of 
D O M . Laboratory migration experi­
ments were carried out, both in the 
presence and in the absence of HA. 
The results of these transport experi­
ments showed that Cr(lll) mobil i ty 
increases c o n s i d e r a b l y due to 
association with HA. Comparison of 
HA transport under aerob ic and 
anaerobic conditions indicated that 
partial biodegradation of the organic 
molecules occurred, involving bac­
teria attached to the sand particles. 
The inclusion of a ΜηΟ.,­coated sand 
layer, as an oxidizing agent, further 
contributed to the D O M removal from 
the water­flow and acted as a sink 
rather than as an oxidizing point for 
Cr( l l l ) , p r o b a b l y because of a 
kinetically limited redox reaction of 
Cr(l l l) to Cr(VI) at the pH of the 
groundwater. Modelling of the trans­
port of Cr influenced by multiprocess 
nonequilibrium is under way to esti­
mate values for adsorption rate cons­
tants. Alternative mechanisms of reac­
tive transport are being compared, in 
order to ident i fy the re la t ive 
importance of uncertain variables on 
the probabilistic outcome. 
In this context, the Institute is contribu­
ting to an international project combi­
ning modelling and field studies for 
the understanding and prediction of 
the movement of metallic contami­
nants in fractured granite. The test site 
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Fig. 29. Effect of the groundwater flow­rate on the Se¡VI¡ breakthrough from a 
drill­core granite column. The experiments were made under anoxic conditions. 
The solid lines represent the percentage recovery of Se. 
under invest igat ion is a gran i t ic 
fo rmat ion in centra l S p a i n . The 
laboratory work is carr ied out in 
co l l abo ra t i on wi th the CIEMAT, 
Madrid. The contributions to the field 
activities, are described in the section 
on "Third Parties Work". 
In the course of the year, laboratory 
migration studies of Se(VI) through 
granite columns were performed, in 
order to identify physico­chemical 
in teract ions w i th f racture f i l l i ng 
materials and to design the migration 
experiments to be carried out in the 
field. 
The b reak th rough curves for Se 
transport through a drill­core column 
of grani te were obta ined at two 
different f low­rates, under anoxic 
conditions (Fig.29). In both cases, a 
pulse of 10s M Se(VI) was applied to 
the column. A first column experiment 
was conducted at 16 m l . d ' . The 
f low­rate was then adjusted to 2 
m l . d ' and a second m ig ra t ion 
experiment was run with the same 
column. The breakthrough curves for 
tritiated water (HTO) and chloride 
(not shown) we re o b t a i n e d , to 
establish the hydrodynamic properties 
of the column. The position of these 
breakthrough curves changed with 
the flow rate. This was associated 
with a change of permeability (i.e. 
e f fec t ive porosi ty) of the core 
observed between the two runs, 
probably due to the movement of 
particles into the fracture network 
when the applied pressure head was 
changed. For both experiments, the 
posi t ion of the Se peaks a lways 
matched that of the conservative 
tracers, irrespective of the pore water 
velocities. This indicates that adsor­
ption of Se(VI) was negl ig ib le, in 
agreement with the observations from 
the l iterature. However, the total 
recovery of Se mass that entered the 
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Fig. 30. Fourier Transformed EXAFS data of Sr adsorbed on a mixture of illite 
and kaolinite. 
column (solid lines in Figure 29) 
showed that a loss occurred during 
the low-velocity experiment. Conside-
ring that residence time increases as 
f low rate decreases , this is an 
indication of a rate-limited retention of 
Se. It appears that the loss of Se(VI) 
from the water flow is due to a redox 
reaction forming Se species strongly 
adsorbed by the granite. 
In the present exper iments , no 
microorganisms were found in the 
anoxic groundwater, either at the 
column inlet or at the outlet. There-
fore, a microbially-catalyzed redox 
pathway does not seem to be in 
operation. An alternative explanation 
applies to a possible role for electron 
exchanging minerals as reducing 
agents. Mineralogicai investigations 
of the granite used in the present 
work found clays and calcite as main 
fissure filling minerals. Calcite has 
been found to contain up to about 
4% of Mn, probably forming a solid 
solution by exchanging Mn for Ca in 
the calcite structure. Small crystals of 
iron sulf ides have also been 
identified. Static adsorption measure-
ments of Se(VI), however, showed a 
negligible affinity of Se for all mineral 
components, with the exception of 
the iron sulfides. 
Since the remob i l i za t i on of the 
adsorbed Se, and then its transport 
behaviour, are controlled by its che-
mical form, the surface speciation of 
Se on the sulfide was investigated by 
X-ray Absorption Spectroscopy (XAS) 
using synchrotron radiation. Close 
examination of the spectrum of the 
adsorbed species indicates that it 
may consist of contributions from Se 
in a variety of oxidation states from 
(0) to (VI), with (II) and (IV) being the 
most common. Kinetics experiments 
showed that the Se adsorption on the 
iron sulphides and the subsequent 
redox transformation are under kinetic 
control. 
A cross-hole transport experiment can 
be devised as a pulse injection of 
selenate and bromide ions labelled, 
respectively, with stable isotopes of 
Se and Br. The Se removal from the 
groundwater flow as a function of the 
imposed hydraulic gradient can then 
be predicted with respect to the 
conservative ion, on the basis of a 
transport model coupling hydrody-
namic data typical of the site and 
mechanistic data derived from labo-
ratory studies. However, this requires, 
the identification of a relationship 
between apparent rate constants, to 
be determined on a laboratory scale, 
and the actual amount of Se reducing 
inclusions encountered in the water 
conducting fractures connecting the 
boreholes at the test site. 
In the absence of groundwater intru-
sion, diffusion forms a principal me-
chanism of chemical d ispers ion. 
Laboratory diffusion experiments of Sr 
in c lay were mode l led wi th a 
coupled reaction-transport model. 
These showed that net Sr flux is 
con t ro l led through va r i ab l e Sr 
spec ia t ion among solut ion and 
par t ic le surfaces, dependent on 
preva i l ing cond i t i ons , e . g . p H , 
alkalinity. This involves the interplay 
of variable mass fraction of species 
having variable adsorption sélectivi-
tés and with variable preferences for 
a l te rnat ive d i f fus ion pa thways . 
Diffusion coefficients obtained using 
three independent approaches in the 
laboratory showed both internal and 
external reproducibility. Based on 
the laboratory results, a mechanistic 
diffusion model was developed, 
involving two chemical species: Sr2+ 
and S rC0 3 ( aq ) . Sr2* was predo-
minant, with an increasing impor-
tance of SrC03(aq) above pH 8. 
The presence of minor SrC03(aq) 
s ign i f icant ly increased the total 
adsorption affinity of Sr for the clay. 
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F/g. 3 / . Chromafograms by SIL-8/HT-5 of extracted PCBs from the solution phase ¡upper) and the soil ¡low) after 
partitioning in pure water ¡left) and IO2 mol I' SDS (right) respectively. 
Model verification required the 
inclusion of both molecular (pore-
water) and surface diffusion path-
ways, with the latter representing the 
predominant contribution. Although 
Sr2* has a relatively lower affinity for 
the clay, it appears to be relatively 
more mobi le on the surface with 
respect to the porewater and with 
respect to SrC03(aq). At lower pH, 
with greater mass fraction of Sr2*, 
t ransport was enhanced . EXAFS 
(Extended x-ray Absorp t ion Fine 
Structure) measurements using 
synchrotron radiation were carried 
out at the SERC facility in Daresbury, 
UK, in order to verify whether the 
predicted two-species adsorpt ion 
model for Sr, postulated on the basis 
of macroscopic and empirical sorp-
tion measurements, is correct. Figure 
3 0 shows the Fourier-transformed 
EXAFS data of Sr adsorbed on the 
clay. Interpretation of these data in 
terms of local atomic structure is 
under way. 
The influence of surfactant agents 
present in groundwaters is being 
investigated. 
Apa r t f rom concern over the 
environmental fate of surfactants per 
se, interest in them stems principally 
from two opposite appreciations: 
- the u t i l i sa t ion of the strong 
solubilizing effects above their critical 
micellar concentration (CMC) in soil 
remediation, aiding desorption and / 
or b i odeg rada t i on of the poor ly 
water-soluble organic contaminants; 
and 
- the po ten t ia l of surfactants at 
concentrations below their C M C to 
facilitate unwanted transport of other 
hazardous chemicals in the environ-
ment. 
The results recent studies on poly-
chlor inated biphenyls (PCBs) and 
chlorobenzenes underline the action 
of surfactants, at concentrat ions 
be low their C M C , in mobi l is ing 
otherwise strongly adsorbed hydro-
phobic compounds in soil-water sys-
tems. In aqueous solution, surfactants 
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like dodecylsulphafe (DS) can be 
assumed to exist in principally two 
states. Below the C M C , surfactants 
exist in the monomeric state. At the 
CMC, the concentration of surfactant 
monomers remains constant, while 
excess surfactant leads to the 
formation of pseudophase micelles. 
The chromatograms of PCBs in the 
soil and the solution phase after 
partitioning in pure water and 1 0 2 
mol I'1 Sodium dodecyl sulphate (SDS) 
are shown in Figure 3 1 (SIL-8/HT-5). 
It is evident from the figure that the 
presence of surfactants has little effect 
on the PCB profile in the soil, even at 
this high dose (10 2 mol I1). In the 
solution phase, on the other hand, a 
significant change of the PCB profile 
can be observed. Lower chlorinated 
and higher chlorinated biphenyls 
(CB) congeners are the most 
abundant in the solute with pure 
water and in the presence of 
surfactant, respectively. This observa­
tion strongly supports the suggestion 
that the phase distribution is largely 
controlled by a solute activity coeffi­
cient in the water phase, but not in 
the organic phase, of soils or sedi­
ments. 
The apparent soil-water distribution 
coefficient (Kd*) is depicted for selec­
ted CB congeners as a function of 
the surfactant concentration in Figure 
32. One congener is shown for each 
chlorination class of di- to deca-CB. 
Wi th the add i t ion of SDS at the 
lowest concentration (104 mol I'), the 
apparent distribution coefficient was 
sl ight ly reduced for al l s tudied 
congeners. 
The reduction increased with the 
degree of chlorination of the PCBs 
(diCBs 23%, triCBs 30%, tetraCBs 
50%, pentaCBs 65%, hexaCBs 79%, 
heptaCBs 8 4 % , oc taCBs 85%, 
nonaCBs 8 4 % , d e c a C B 86%) . 
When SDS was added at a higher 
concen t ra t ion ( 1 0 3 mol I') the 
apparen t d ist r ibut ion coef f ic ient 
decreased further at 2.5 χ IO3 mol I', 
which remains signifi-cantly below the 
CMC (8.2 IO"3 mol I1). Nevertheless, 
the reduct ion was related to the 
degree of chlorination of the PCBs 
(diCBs 73%, triCBs 7 1 % , tetraCBs 
85%, pentaCBs 93%, hexaCBs 98%, 
heptaCBs 9 9 % , oc taCBs 9 9 % , 
nonaCBs 99%, decaCB 99%). With 
the addit ion of DS at 10 2 mol I ', 
wh i ch is a b o v e the C M C , the 
apparen t d ist r ibut ion coef f ic ient 
dropped sharply by 2-3 orders of 
magnitude. For a soil which does not 
interact with the surfactant, a four-
phase distribution model satisfactorily 
describe the so i l / water/surfactant, 
m o n o m e r / surfac-tant micel le 
interactions, similar to a three-phase 
distribution model developed for the 
water solubil i ty enhancements of 
hyd rophob i c compounds by 
surfactants. The calculated monomer 
DS-water par t i t ion coef f ic ients 
normalised to organic carbon (Kmnoc) 
for 28 CB congeners are 
comparab le wi th KDOC values for 
natural aquatic humic substances, 
where KDQC is the partition constant of 
the CBs between Dissolved Organic 
C a r b o n (DOC) and wa te r . The 
observed non-linear relation between 
Kmc and Kmn probably results from 
steric hindrance of the entrance of 
la rge CB molecules into the 
microscopic micelles or from micelle-
dissolved organic carbon interactions. 
Contacts were establ ished wi th 
leading institutions in Europe, to 
explore the possibility of starting a 
pro jec t on the measurement of 
greenhouse gas emissions from soils. 
The focus of this activity would be on 
the establishment of sampling net­
works for monitoring the effects of 
seasonal and land use changes on 
gas fluxes. A close connection will be 
established with international pro­
grammes on global change, such as 
IGBP/IGAC. 
CMC 
en 
SDS Concentration (moll 
Fig. 32. The effect of SDS in the solute phase on the apparent soil-water 
distribution coefficient (Kd*) for selected PCBs (from the bottom to the top PCB 
congeners No. 8,31, 52, 110, 153, 180, 199, 206, 209). 
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Analytical Development 
A systematic study of supercritical 
fluid extraction (SFE) in trace organic 
ana lys is has been c o n t i n u e d . 
Methods have been developed and 
validated in ¡nterlaboratory compari­
sons for the quantitative, interference­
free, analysis of polychlor inated 
biphenyls (PCBs) and organochlorine 
pesticides in various environmental 
samples . Of f ­ l ine SFE a n d h igh 
resolution dual­column gas chromato­
graphy ­ electron capture detection 
have been adopted. The reduction of 
sulphur in supercritical C 0 2 before 
solid­phase trapping of the super­
critical fluid extract, combined with 
subsequent liquid chromatography, 
has permitted a direct analysis of 
sed iment extracts w i thou t any 
additional clean­up. A prototype SFE 
instrument, des igned for mult iple 
s imul taneous ex t rac t ions in co­
operation with Fisons Ltd., has been 
successfully tested. The feasibility of 
using this instrument for the extraction 
and sample preparation of polyaro­
matic hydrocarbons, polychlorinated 
dioxins and polychlorinated furans in 
the analysis of soils, sediments and 
fly ashes, is being investigated. 
A novel sampling technique has been 
inves t iga ted for the ana lys is of 
volatile organic compounds (VOCs) 
in drinking water. This approach in 
head­space gas­chromatography (HS­
GC) analysis is based on a simple 
device for solid­phase micro extrac­
tion (SPME) in the head space. It has 
the potential of eliminating a series of 
problems previously encountered in 
classical HS­GC analysis, such as 
introduction of moisture and oxygen 
to the G C , adsorption of analytes to 
the walls of the headspace sampler, 
l ow sampl ing e f f ic iency for less 
vo la t i l e c o m p o u n d s , and non­
selectivity in the sampl ing. Head­
space solid­phase micro­extraction 
(HS­SPME) is a solvent­free sample 
preparation technique, in which a 
fused s i l i ca f iber c o a t e d w i th 
polymeric organic liquid is introduced 
into the h e a d s p a c e a b o v e the 
sample. The volatile organic analytes 
are extracted and concentrated in the 
coating, and then transferred to the 
analytical instrument for desorption 
and analysis. The SPME device for 
this investigation (Supelco, Italy) uses 
a fine fused silica fibre coated with a 
short (10 mm) thin (100 ηημ) layer of 
polydimethyl­siloxane. The fibre is 
housed in a stainless­steel needle, 
which allows for penetration of the 
membrane covering the sample vial. 
Once inside the sample vial, the fibre 
can be pushed out of the housing 
and exposed to the h e a d s p a c e 
above the water sample at 80 °C 
. 
^ Coated 
v ; Fiber ; 
Volatiles 
(Fig. 33). Experiments showed that 
by this time, equilibrium is established 
between the headspace and the 
polydimethyl­siloxane. At this point, 
the f ibre can be pul led into the 
hous ing and the SPME dev i ce 
removed from the sample vial and 
inserted into the injection port of a 
GC or a GC­MS system. 
The combination of HS­SPME with 
ion­trap mass spectrometry (ITMS) 
was successfully employed for the 
analysis in water of a total of 5 9 
VOCs ranging from methyl chloride 
to trichlorobenzenes. The ITMS has 
the a d v a n t a g e over quad rupo le 
spectrometry of producing full­scan 
mass spectrograms at low detection 
limits. The main physico­chemical 
parameters important for HS­SPME 
analysis were found to be moderate 
Syringe 
Needle 
Coated Fiber 
Truffle 
or water 
Fig. 33. Schematic of the sutup for headspace solid­phase micro­extraction 
with enlargements of the coated fiber in the device used for this study. 
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volatility (not too low and not too 
high) and high lipophilicity of the 
analyte. 
Sulphur­VOCs emission from soils and 
their role in the global sulphur cycle 
are relevant to JRC programmes. 
Most sulphur­containing C I to C 6 
organic compounds fall in the volati­
lity and lipophilicity range of the 5 9 
VOCs investigated , so HS­SPME 
with ITMS should be an ideal combi­
nation for the analysis of sulphur­
VOCs . Due to the we l l ­ known 
presence of these compounds in 
truffles, the method was tested on 
these fungi. Due to the selectivity 
obtained with HS­SPME, very clean 
chromatograms were obtained and a 
series of sulfur­VOCs identified and 
quantified. Figure 34 showns the 
mass spectra of sulphur­VOCs extrac­
ted from white truffle aroma (upper 
spectra) compared to library mass 
spectra (lower spectra). 
Mass spectrometric techniques have 
been also a p p l i e d to surfactant 
analysis (see soil­pollutant interaction 
studies). These compounds are nor­
mally d iv ided into anionics, non­
ionics and cationics. The anionics 
account for 80% of the total industrial 
surfactant output, while the cationics 
comprise only about 6%. Traditio­
nally, anionics have been measured 
using the methylene blue method, a 
non­specific complexo­metric method 
incapable of differentiating individual 
homologues. It is also prone to 
interference from naturally present 
anionic material. Chromatographic 
techniques have also been used 
during the last 15 years, including 
gas chromatography after derivati­
zation and liquid chromatography 
using fluorimetrie or UV detection. 
Compared to the above techniques, 
mass spectrometry is more versatile 
and generally more rapid, since it 
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Fig. 34. Moss spectra of sulfur­VOCs extracted from white truffle aroma ¡upper 
spectra) compared to library mass spectra ¡lower spectra). 
can be used to analyse surfactants 
w i thout pr ior ch roma tog raph i c 
separation. 
Alkylbenzenesulphonates have been 
qualitatively analysed using fast atom 
bombardment (FAB) tandem mass 
spectrometry and field desorption 
mass spect rometry . The use of 
cont inuous f low FAB (CF­FAB) 
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coupled with tandem mass spectro­
metry permits the quantitative analysis 
of alkylbenzensulphonate surfactants. 
CF-FAB has been shown to be more 
sensitive than static FAB and to permit 
easy quantitation by flow injection 
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Fig. 36. Thermal decomposition of. a) OPC, b) OPC + aluminum sulphate. 
analysis. In addition, CF-FAB reduces 
the surface activi ty effects which 
occur in static FAB. 
Because of the selectivity of this 
technique, sample preparat ion is 
simple, usually requiring only concen­
tration by solid-phase extraction of 
the analyte from liquid samples, or 
methanol extraction using sonication 
from solid samples. 
An easy quantitative method for the 
determination of surfactants in water 
using CF-FAB-MS has been develo­
ped for each of the three major 
surfactant classes: sodium dodecyl 
sulphate (SDS) for the an ion ics , 
polyethylene glycol fert-octyl-pentyl 
ether (Triton-X) for the non ionics, and 
h e x a d e c y l - t r i m e t h y l - a m m o n i u m -
bromide (HTAB) for the cationics. 
Good quantitative responses could 
be achieved for the anionic and the 
non-ionc model compounds, while for 
the cationic surfactants, the response 
proved to be higly non-l inear. A 
typical calibration curve for SDS is 
given in Figure 35. 
Waste Management 
To evaluate possible materials for the 
disposal of tritiated water (HTO), 
ordinary Portland cement (OPC) has 
been p roposed as a matr ix for 
solidification/stabilization. Because 
of difficulties in ensuring that materials 
reta in H T O , c o m b i n a t i o n of a 
sequence of physical barriers must 
achieve a high degree of immobili­
zation, in order not to exceed a maxi­
mum release rate of 1 0 ' % per day 
of tritium as HTO. 
Water in cement materials can be 
divided into two categories: 
- liquid water in large pores and 
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capillaries; and 
­ water of crystallization. 
Water, therefore, behaves differently 
when escaping. Evaporation of water 
and water from cement, modif ied 
cement, molecular sieves and artifi­
c ia l c lay , was measured by a 
thermobalance (Linseis Germany) 
coupled with dif ferential thermal 
analysis (DTA). 
The weight loss curves of wafer 
release from samples were obtained 
by heating: 
­ continuosly to 1 100°C in air at a 
rate of 10 °C min1, to determine 
total amount of water in the sample; 
­ to 50 °C in static air; or 
­ to 5 0 °C in inert gas (N2), at a rate 
of 0.5 I min'. 
The best result for water release rate, 
i.e. l . l x l O'3 m in ' at 5 0 °C (or 
1.1x10" min ' at 30°C), one order of 
magnitude less than the value repor­
ted by previous authors, was obtai­
ned with the modif ied cement in 
which aluminum sulphate forms the 
compound: 
6CaO.A l ? 0 3 ­3S0 3 .31H 2 0 
(ettringife) 
as confirmed by XRD analysis. 
The profile of decomposition in the 
range 20 ­ 1 100 °C for OPC (Figure 
36a) is modified by the effect of the 
ettringite formation (Fig. 36b). 
In the second profile, the decompo­
sition of Ca(OH):, in the range 4 0 0 ­
500°C disappears. 
In the experiments carried out at 5 0 
°C, only 1 % of water is desorbed, 
as compared to 22.2 % contained in 
the material. 
To evaluate the possible use of a 
mater ia l in re ta in ing H T O , two 
important factors must be considered: 
­ the amount of t r i f ia ted water 
released; this should be as low as 
possible, compared with the amount 
in i t ia l ly present in the mate r ia ; 
compounds in which water is chemi­
cally bounded should be used; 
­ the structure of the material should 
accomodate water in if, as in pores, 
in order to slow down the release of 
water and to approach the require­
ment of a release rate of 103 % per 
day as previously indicated. 
This activity will not be continued in 
1 9 9 4 , due to the retirement of the 
scientist responsible. 
WATER QUALITY 
Mito Project 
Flow cytometry 
Within the framework of the MITO 
Project, in 1993 was carried out the 
second experimental joint campaign, 
sponsored by the Institute, for monito­
ring phytoplankfon biomass in marine 
waters via Flow Cytometry (FCM). 
This campaign took place in the 
northern Adriatic Sea, with the colla­
boration of the University of Münster 
(Germany), the University of Milano 
(Italy) and the Istituto di Biologia del 
Mare (Fano, Italy). 
The campaign dealt with the applica­
tion of FCM to the enumeration of 
phytoplankton in natural seawater 
samples via chlorophyll autofluore­
scence and electrical impedance 
s iz ing. To this end, a stat ionary 
Partee PAS III FCM and a prototype 
of a portable Flow Cytometer (CA III, 
Partee) were installed in the Fano 
Institute. The main purpose of the 
campaign was to get more expe­
rience in handling natural seawater 
samples with respect to FCM analysis 
and therefore to ach ieve further 
information for the improvement of the 
technique and the design of the 
portable instrument. 
Between 7­9 September 1 9 9 3 , 
water samples from four stations and 
various offshore distances were taken 
in the Fano area. Because of very 
low cell density within the samples, a 
concentration procedure by nylon­net 
filtering was carried out (raw samples 
of 25 I or 50 I were passed through 
a filter set of 20, 40 , 6 0 and 82 
μηη and the fi l trates were resus­
pended in approximately 150 ml of 
0.22 μηη filtered seawater). 
Raw and concentrated seawater 
samples were analysed via FCM. 
The chlorophyll content of the raw 
samples was determined spectropho­
tometrically (Strickland and Parsons, 
1 968) and species composition, as 
well as fluorescent characteristics, 
were examined by light and fluore­
scence microscopy. 
The flow cytometric measurements 
showed that, at all the sampling 
stations, the phytoplankton density 
was rather low. The number of total 
counts in a particle size range of 21 
to 82 μπι varied between 15 ,000 
and 35 ,000 per liter of seawater. By 
far the largest number of counts 
occurred in the filtered size fraction of 
21­40 μπι. Between 50% and 74% 
of the total counts were present within 
this fraction. The 41­60 μηη fraction 
provided 19 to 40%, and the size 
class 61­82 μπι provided 6 to 19%, 
of the total amount measured in all 
three size classes (Table 4 and Fig. 37). 
The histograms for the 21 ­40 μΓη 
fraction of all the water samples 
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showed at least one distinct peak 
(Fig.38 Α-D). Microscopic analysis 
suggest that, in all the samples, this 
peak represented autofluorescent 
signals of a species of the dinofla-
gellate genus Prorocentrum (Fig.39). 
Prorocentrum was the only organism 
occuring in a reasonable amounts in 
all the seawater samples. Only very 
few other algae were visible by light 
and fluorescence microscopy. 
The mean channel position of this 
peak shifts according to the different 
stations and sampling days between 
ch 3 2 0 and ch 4 3 0 , corresponding 
to relative fluorescence values (RF) 
from 2.5 to 7.4 (based on the fluore­
scence of the standard beads used). 
Apart from the mean channel, the 
shape of the peak also changed 
(Fig.38). 
The number of counts within the peak 
(corresponding to the number of 
Prorocentrum sp.) of the 21-40 μηη 
fraction varied between 1,000 and 
3 ,900 Γ and made up 68% to 9 1 % 
of the total counts recorded for this 
range of fluorescent signals. 
As shown in Figure 37, a slight accu­
mulation of counts also appeared in 
the 4 1 - 6 0 μπι f rac t ion be tween 
channel 350 and 4 5 0 (9-27% of the 
total counts of this range), whereas 
in the 61-82 μπι fraction, nearly no 
signals of such fluorescence intensity 
were recorded) 1-8%). 
The events indicated via FCM deliver 
information on the number of parti­
cles with a defined fluorescence 
intensify (under given condit ions) 
present in a sample. This parameter 
is suitable for providing an idea of 
the amounts of algae with common 
fluorescent features. It gives no 
indicat ion of parameters such as 
pigment content or particle size. In 
the histograms shown in Figures 37 
SIZE FRACTION 
08.09.1993 
21 -40μΓη 
41 -60 μπι 
6 1 - 8 2 μm 
total 21-82 μΓτι 
09.09.1993 
21 - 40 μπι 
41 - 60 μπι 
61 -82 μηι 
total 21-82 μπι 
Stat 
total 
1 141 
1482 
2960 
15483 
8607 
3748 
2413 
14768 
onl 
peak 
1582 
70 
154 
1806 
1000 
94 
83 
1 177 
Station2 
total 
18659 
5066 
1467 
25192 
14410 
6238 
4270 
24918 
peak 
3889 
423 
59 
4371 
1463 
585 
101 
2149 
Station 3 
total 
14479 
6282 
2160 
22921 
121 14 
6123 
2081 
20318 
peak 
2594 
198 
61 
2853 
2193 
545 
68 
2806 
Slation4 
total 
151 15 
3925 
2081 
21 121 
16537 
13618 
31 12 
33267 
peak 
1 106 
1 17 
25 
1248 
1294 
3/8 
51 
1723 
Table 4. Total counts/liter seawater and counts in distinct peak area of stations sample from 1-4 on 8 and 9 September 
1993 
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FANO BUOY - 09.09.93 
unfiltered 
FANO BUOY - 09.09.93 
21-40 inn 
1 51 101 151 201 251 301 351 401 451 501 
channel No. (log) 
FANO BUOY - 09.09.93 
41-60 μ in 
1 51 101 151 201 251 301 351 401 451 501 
channel No. (log) 
FANO BUOY - 09.09.93 
61-82 μπι 
il II 1.1 ι IIIIIIÉMIM , 
1 51 101 151 201 251 301 351 401 451 501 
channel N o (log) 
140 -
120 
fc 100 -
¡L 80 -
.« 
S 60 -
40 
20 
D 
1 51 101 151 201 251 301 351 401 451 501 
channel No. (log) 
Fig. 37. Histograms of the unfiltered sample and three size fractions Station 3, 
Fano Buoy, 09.9.1993 
and 38 Α­D, a particle with an RF 
value of 0.1 (=ch 20) is depicted as 
one count, as well as a particle with 
a RF of 1 ó (= ch 5 0 0 , axis in log­
scale). The impact of low fluorescent 
part ic les on the total amount of 
fluorescence (due to the content of 
photosynthetic pigments), which must 
be seen as a measure of the 
biological activity of a sample, is 
indeed much smaller than Figure 38 
Α­D conveys. In this Figure, ΕΉ, the 
amount of f luorescence per liter 
seawater, is depicted, corresponding 
to the samples of Figure 38 Α-D. By 
comparison, it is obvious that the 
main por t ion of the measured 
f luorescence is based on Proro­
centrum. The high level of signals in 
low fluorescent channels (Figures 37 
and 38) contribute only a very small 
portion to the total fluorescence. 
In this way, the total relative fluore­
scence delivers a reproducible and 
directly comparable measure for bulk 
algal analysis and is also suitable for 
judging their biological activity and 
changes in a defined algal popula­
tion in natural water samples. 
Furthermore, the mean fluorescence 
per cell of a given population, which 
is easily calculated by division of 
them total flurescence by the number 
of counts, contains information about 
the phys io l og i ca l status of the 
population examined. 
Table 5 shows these values for four 
sampling spots on 8 and 9 Septem­
ber. It becomes obvious that the 
phytoplankton situation at the different 
stat ions d e v e l o p e d in d i f ferent 
directions. The total relative fluore­
scence (of the entire sample) decrea­
sed at all stations, less at stations 1 
and 4 and dramatically at stations 2 
and 3. This can be interpreted as a 
general decrease of phytoplankton. 
The total fluorescence of the Prorocen­
trum peak was more or less stable at 
station 1, whereas the fluorescence 
per cell increased. By contrast, the 
total peak fluorescence was decrea­
sed heavily at station 2 and 4, with a 
constant f luorescence per cell at 
station 2 and a decrease at station 
4. Both values increased at station 3. 
These data are significant in showing 
that there were different develop­
ments of the Prorocentrum population 
at the different sampling locations. 
In the context of this campaign,it was 
possible to show that also under 
conditions of low cell densities in na­
tural seawater samples, FCM provi­
des a useful tool for the rapid analy­
sis of phytoplankton. The results show 
that it is indeed possible to detect 
a lgae at very low numbers (some 
thousands per liter) in seawater 
samples with FCM and to quantify 
the number of cells and the amount of 
total fluorescence. Furthermore, with 
reference to quantity and physiolo­
gical quality, the development of a 
specific population within the water 
could be followed and comparisons 
between different sampling stations 
conducted. 
Via the relative-fluorescence value 
(RF), a direct comparison of measure-
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5 m Fano/4. · m Pesaro - 08-09.93 
2m depth- 21- 40 um 
5 m Fana/46 m Pesaro ■ 08.09.93 
2m depth 21 40 um 
I S I 101 131 301 131 301 3S1 401 4 S I SOI 
N o (log) 
4 m Fano/6 m Pesaro - 08.09.93 
2m d e p t h - 2 1 - 4 0 pm 
SI 101 ISl B)l 2S1 » l l ' i 401 4SI SOI 
No. (log) 
4 m Fano/6 m Pesaro - 08.09.93 
2m depth. 21- 40 um 
men's can be carried out and diffe­
rences in the phytoplankton structure 
of water can be moni tored and 
compared over a period of time. 
Which biological characteristics of 
the water sample correlate with the 
RF­value has still to be examined in 
detail. 
To obtain a second measure of algal 
biomass, in addit ion to the fluore­
scence,it is essential to apply cell 
sizing via FCM. This combination of 
fluorescence measurements and cell­
sizing allows the calculation of the 
biovolume of water samples and 
distinct populations within them, and 
also make it poss ib le to ob ta in 
information about the physiological 
status of the algae present. 
Algal toxicity 
Fano Buoy - 08.09.93 
2m depth - 21- 40 urn 
Fano Buo; - 08.09.93 
2m depth - 2 1 - 40 urn 
SI 101 ISl 301 131 301 331 401 «31 301 
ι No. (tog) 
0.5 m onshore Fano Hotel Rh Ierra - 08.09.93 
2m depth - 21- 40 urn 
1 31 ΙΟΙ 131 301 331 301 331 401 4SI 
N o (tog) 
0.5 m «tilhore Fano Hotel Rtvkrea - 08.09.93 
2m depth- 21- 4 0 p m 
channel N o (tog) No. (tog) 
Fig.38. Frequency histograms ¡Α­D) and fluorescence histograms (ΕΉ) of the 
size fractions 2 1-40 mm 
The toxicity associated with uncontrol­
led growth of various species of 
a lgae constitutes a very important 
problem with respect to ecological 
and economical aspects. As is well 
known, algal blooms are sometimes 
related to the production of various 
toxic chemical compounds. 
These toxins can be g rouped in 
various classes (DSP, NSP, ASP, etc.) 
in relation to their action towards 
different tissues or organs. Since the 
growth of more than one species of 
a lga can occur in water basins 
simultaneously, it is clear that the 
toxicological characterization of lakes 
and brackish or marine shore areas is 
often very complex. 
Taking into consideration the know­
ledge acquired up to now in this 
specific field, the measurements routi­
nely carried out for the description of 
the hazard associated with algal 
blooms are either highly specific for 
single toxins or have a low sensitivity. 
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Fig. 39. Fluorescence microscopic photograph of Prorocentrum sp. ¡centre 
underneath and right), Ceraffum sp. ¡centre above) and an unknown 
Dinoflagellate ¡left). 
Station 
1 
2 
3 
4 
total relative 
fluorescence (rU ') 
08.09 
12960 
29822 
33597 
22864 
09.09 
1 1705 
16412 
21781 
21 107 
peak reative 
fluorescence (rU 1') 
08.09 
5737 
17326 
7682 
12046 
09.09 
5008 
7869 
14467 
8659 
fluorescence 
per eel 
08.09 
3.63 
4.45 
2.60 
10.89 
(rU) 
09.09 
5.01 
5.38 
6.60 
6.69 
Table 5. Total and peak fluorescence and fluorescence per cell of Prorocentrum. 
In the former case, the description of 
the overall toxicity of the sample 
requires more than one speci f ic 
measurement. In the latter case, the 
low sensit iv i ty of the a v a i l a b l e 
methods only allows evidence of the 
presence of toxic algal species in the 
water basins to be provided when 
the ecological conditions are drama-
tically compromised. 
The experimental activity in this last 
period focused on the possibility of 
providing evidence with high sensi-
vity and with a simple analyt ical 
procedure of the presence in water 
samples of toxins belonging to the 
DSP class, the hepatotoxins and the 
i t t iotoxins. The research act iv i ty 
started wi th studies on the best 
conditions for showing the presence 
of okadaic acid (OA), a very well-
known algal product detectable in 
the DSP-producing a l g a e . This 
compound is concentrated by mussels 
that finally carry it (as food) to human 
beings, causing abdominal pains, 
diarrhoea and vomiting. 
As is mentioned above, toxins that 
have the liver (or hepatopancreas) as 
a target organ are of concern here. 
It is therefore feasible that isolated 
mammalian hepatocytes can be used 
for this kind of toxicological determi-
nation. In particular, the application 
of some b iochemical procedures 
should be considered as anaytical 
tools for these toxicological analyses. 
The first step of the research activity 
carried out in the context of MITO 
project took place with the determi-
nation of the relationship between the 
presence of increasing quantities of 
purified OA in L-15 medium and the 
induction of mortality in hepatocytes 
cultured in vitro. The parameter 
considered was Lactate Dehydroge-
nase (LDH) release into the culture 
medium by murine hepatocytes after 
24 hours of exposure. As is well 
known, the release of this cytopla-
smic enzyme could be considered as 
an index of death of the cells in 
culture. Under the actual experimental 
conditions, it has been possible to 
detect concentrations of OA as low 
as 1 0 8 M . 
The possibility of using murine prima-
ry hepatocytes for the determination 
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of O A toxic i ty by measuring of 
Neutral Red uptake (NRU) by viable 
cells under simple, defined experi­
mental condi t ions has also been 
investigated. Detection of a reduction 
quantities of NRU by treated cells 
can be taken as an index of the 
effect induced by the toxin. 
The two approaches mentioned (LDH 
release and NRU) gave similar results 
when the same concentration of 10θ 
M OA was used. Nevertheless, NRU 
measurement has been found to 
detect dead, as well as damaged 
cells. The final percentage of cells 
that can be cons idered to have 
beens affected by the toxic agent 
was therefore greater (1.5 - 2) times 
than that estimated by LDH analysis. 
When the incubation of hepatocytes 
was prolonged for 72 hours, 3x1 0 9 
M concentrations of O A could be 
also monitored. It must be pointed out 
that the most sensitive and most 
specific method for measuring O A 
reported in the literature (that takes 
advantage of the specific inhibition of 
Protein Phosphatase 1 and 2A, PP1 
and 2A) can detect quantities about 
only 1 0-30 times lower. 
This excellent sensitivity, together with 
practical considerations, suggested 
that the NRU method be used in 
future studies. 
The standardized NRU methodology 
has been a p p l i e d to detect the 
toxicity associated with Prymnesium 
parvum blooms, one of few toxic 
algal species that can be grown in 
the laboratory. 
This research labora-tory activity has 
been carried out in order to calibrate 
the methodology for algal cultures, 
thus contributing to the main goal of 
the programme which remains the 
detect ion of a lga l toxicity in real 
environmental situations. 
It is known that this brackish alga 
synthesizes and releases at least 
seven types of toxic proteolipids into 
the surrounding water dur ing its 
growth a n d , to a greater extent, 
when the a lgae d ie after having 
reached the final stationary phase of 
this g r o w t h or when they are 
subjected to stress growth conditons. 
The proteolipids released into the 
water have haemolytic, ittiotoxic and 
cytotoxic activities. 
This algal specie has been grown 
under the best and controlled condi­
tions with respect to the ratio of nitro­
gen and phosphorus (N/P=4) con­
centrations. In order to confirm the 
reliability of the method, the algae 
have also been grown under stress 
cond i t i ons c h a r a c t e r i z e d by a 
lowered or enhanced N / P ratios 
(0.8 and 20 , respectively). 
The preliminary results show that the 
reduced N / P rat io i nduced the 
maximal product ion of toxins by 
Prymnesium parvum both released 
into the medium and retained in the 
cells. Increasing the concentration of 
phosphorus induced, on the contrary, 
the lowest production of toxins. 
Moreover, it seems that the chemical 
nature of the released toxins in the 
culture medium during the exponen­
tial phase of the a lga l growth is 
different from that retained within the 
cells. 
This experimental activity is being 
continued, in order to better charac­
terize the toxic parameters during the 
laboratory study phase. The know­
ledge acquired will then be applied 
to the planning of further studies in 
the MITO project. 
Modelling 
Numerical modelling of biological 
ac t iv i ty in the Ad r i a t i c sea has 
continued. 
The first approach, using a fine grid 
topographic model for the North-
Adriatic, and a separate coarse grid 
model for the whole Adriatic (aimed 
at providing boundary conditions for 
the former), was found to be not very 
effective. Therefore, a new prepro­
cessor for the hydrodynamic model 
ISPRAMIX has been developed for 
produc ing interactively arbi t rary, 
new, non-uniform topographic mo­
dels in a very short time. This prepro­
cessor permits the optimization of the 
discretisation grid for every specific 
application, and, for modelling the 
Adriatic, eliminates the need to work 
with two different models. Further 
work has been performed with an 
overall model of the Adriatic, with a 
fine grid (3,2 km χ 3,2 km) in the 
north, which gradually changes into 
a coarse grid ( 1 6 km χ 16 km) near 
the strait of Otranto. This model has 
about 7 0 , 0 0 0 wet grid points and 
requires computer simulation times of 
about 1 / 2 % of the real time on a 
DEC 4 ,000-160 (Alpha) workstation 
( i .e . about 5 days for a 1-year 
simulation, including the biological 
part). 
The next step was the implementation 
of a biological model developed at 
Ispra in c o l l a b o r a t i o n w i th the 
University of Hamburg. This model 
requires the solution of three addi­
tional transport equations for the three 
model components: phytoplankton, 
herbivorous zooplankton, and pho­
sphate nutrients. Assuming inflow of 
the nutrients via the Po river, the 
results shown in Figs. 4 0 and 41 are 
obtained for typical meteorological 
conditions. The nutrients originating 
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l'on 
Fig. 40. Computed distribution of phosphate concentration ¡mMol m3) 
originating from the Po river. 
[KM] 
Fig. 41. Computed distribution of phytoplancton concentration (gC m') 
referring to the same time as the results shown in Fig. 40. 
hom the Po river move preferentially 
along the coast of Emilia-Romagna, 
causing a corresponding growth of 
phytoplankton. 
This preliminary study has produced 
plausible results, which demonstrate 
the feasibility of this kind of model-
ling. The next step, to be started in 
1994, is the collection and prepa-
ration of suitable observational data, 
which are needed for initialising the 
model computations, for formulating 
the boundary condit ions and for 
validating the different sub-models. 
AQUACON-MedBas-Project 
The "Analytical Quality Control and 
Measurement Error Assessment 
Studies" (Project A Q U A C O N -
MedBas) project has been develo-
ped at the request of the EC-Member 
Countries of the Mediterranean area 
(Italy, Spain, France, Portugal and 
Greece). 
Its objective is to identify, quantify 
and reduce systematic and random 
measurement errors associated with 
the most critical problem areas of 
environmental analysis, which include 
many types of water (seawater, 
freshwater, rain wafer, drinking water 
and waste water), and sediment and 
sewage sludge analysis, but also 
biota and foodstuff analysis. 
The project offers, free of charge, 
participation in complex collaborative 
laboratory studies, including field 
campaigns aimed at the assessment 
of sampling errors. The major target 
group of participants consists of the 
publ ic laborator ies, wh i ch , with 
pressure from national and superna-
tional directives, wish to test their 
performance quality. 
The El provides the coordination of 
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Fig. 42 ¡a and b). Second interlaboratory exercise AQUACON­MedBas ­
Subproject " Rainwater Anaiysis" : Ammonium and pH. 
■ IC = Ion chromatography; O NES = Nessier; * PHE = Indophenol blue 
colorimetry; + PYR = Bis­pyrazolon colorimetry. 
the pro jec t and prepares the 
interlaboratory test materials, inclu­
ding, in most cases the homogeneity 
and stability testing. 
The ana ly t i ca l target values are 
typically established by external high­
qual i ty laborator ies wi th a g o o d 
reputat ion for reference material 
certification work. 
A Q U A C O N ­ M e d B a s has been 
organized in 10 subprojects, all of 
which are currently at different stages 
of progress. 
The subproject "Rainwater Analysis" 
organized its second interlaboratory 
exercise (80 part icipating labora­
tories). The results show that major 
systematic errors still persist, as indi­
cated by the examples of ammonium 
and pH measurements (Fig. 42). The 
third interlaboratory exercise has 
been prepared and the samples were 
mailed in November 1993. 
The Subpro jec t "Mercu ry in the 
Foodcha in" o rgan ized a second 
exploratory interlaboratory compari­
son, offering, this time, a low­level 
material (trout muscle tissue). 
The results of a trained laboratory 
group (Fig. 43) show small data 
dispersions compared to the 1992 
exercise, but are, in any case, in 
need of error removal. Subsequently, 
a package of test materials consisting 
of a sea led mercury s tandard 
solution, two solutions of mineralized 
powdered fish and mussel tissue, and 
fish and mussel tissue, has been 
prepared for the 1994 collaborative 
study. 
The trout test mater ia l was also 
analyzed for a number of crit ical 
trace metals by the same laboratory 
g roup (Table 6) , and the results 
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Fig.43. Second exploratory interlaboratory study AQUACON­MedBas 
Subproject "Mercury in the food chain": Mercury determination in trout muscle. 
Hg 
Pb 
Cd 
Cu 
Zn 
As 
Valid Ν 
22 
24 
22 
20 
19 
9 
Mean 
0.13 
0.53 
0.08 
3.3 
25.1 
0.81 
Median 
0.1 1 
0.29 
0.02 
2.65 
23.0 
0.95 
Min. 
0.01 
0.05 
0.01 
1.60 
7.50 
0.20 
Max. 
0.50 
2.63 
1.07 
10.9 
60.2 
1.50 
7aJb/e 6. 2nd Exploratory Interlaboratory Study for the Determination of Some 
Trace Metals in Fish. 
indicate, for lead and cadmium, in 
particular, that further developments 
are needed. 
The test materials for the first interla­
boratory exercise in the subproject 
"Drinking Water Analysis" have been 
prepared and their stability tested. 
The test parameters are Hg, Cd, Pb, 
Cu , Zn, Cr, N i , S O , 2 , N 0 3 , CI 
and NH4. 
In the framework of the Subproject 
"Sediment Analysis", the test material 
package for the first interlaboratory 
run (metals) has been p repared , 
which consists of two pure metal 
solutions, two digested (dissolved) 
sediment solutions, all sealed in glass 
ampoules, and two dry sediments at 
different metal concentrations. 
An exp lo ra to ry in te r labora to ry 
exercise, with a trained laboratory 
group, has been organised in the 
f ramework of the subpro jec t 
"Foodstuff Ana lys i s " . The study 
materials were flours, milkpowder 
and egg powder. The data obtained 
on l ead , copper , cadmium and 
mercury showed that larger errors are 
h idden by the d issolut ion step. 
Consequently, the first run of the 
co l l abo ra t i ve study w i l l inc lude 
solubilized materials as well, to allow 
for the separate evaluation of errors 
associated with the dissolution step. 
Two sewage sludge test materials 
have been p repared for the 
subproject 'Waste Analysis", and 
their homogeneity has been tested. At 
present, their analytical characte­
rization is in progress. 
WORKING ENVIRONMENT 
The aim of this work is to provide DG 
V/E (Health and Safety Directorate) 
with scientific and technical informa­
tion on a number of issues relating to 
chemical agents in the work environ­
ment. In 1993, cooperation included 
the following points: 
­ International Chemical Safety Cards 
¡ICSC) 
A part of the information contained in 
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the ICSC has been included in the 
ECDIN data bank, for large facilities 
in the searching and retrieval of data. 
Information concerning more than 
3 0 0 chemicals has been transferred 
to the data fi le on Occupa t iona l 
Health and Safety (OHS). Particular 
a t ten t ion has been p a i d to the 
selection of the fol lowing types of 
data: 
An OEL data bank for the use of the 
OEL Scientific Expert Group will be 
made available to DG V in 1 9 9 4 . 
• Chemical Hazards 
• Spillage / Disposal / Storage 
• Packaging and Labelling 
- Monographs on Chemicals 
W i t h reference to the series on 
"B io l og i ca l Ind ica tors for the 
Assessment of Human Exposure to 
Industrial Chemicals", it is planned to 
extend the in fo rmat ion in the 
monographs to make them into full 
Criteria Documents (CD). 
A CD will be produced of the type 
preferred by the Scientific Experts 
Group on the establishment of the EU 
Occupat ional Exposure Limits, for 
each chemical considered. 
A CD on "Inorganic Mercury" is to 
be issued to DG V in 1994, at the 
earliest . 
- Occupational Exposure Limits (OEL) 
In the contexte of the Commission's 
activities on the establishment of limit 
va lues (Counc i l Di rect ives 8 0 / 
1 1 0 7 / E E C , 8 8 / 6 4 2 1 E E C and 
9 0 / 3 9 4 / E E C ) , the JRC is investiga-
ting means of establishing out rele-
vant contacts for data collection on 
these matters. 
This exercise is performed by consul-
tants of choice and improved links 
(UNEP - IRPTC data bank) . 
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2. Scientific - Technical Support for Community Policies 
As in 1 9 9 2 , the main part of the 
Institute's effort for the scientific and 
technical support for Community 
Policies was on behalf of Directorate 
General XI (Environment, Nuclear 
Safety and Civil Protection) and was 
concerned w i th the areas of 
Environment (encompassing Atmo­
spheric Pollution, Chemical Waste 
and Water Quality), of Radioactive 
Environmental Monitoring (REM), the 
European Centre for the Validation of 
Alternative Methods (ECVAM) and 
the European Chemicals Bureau 
(ECB). As a result, most of this section 
is dedicated to descriptions of the 
major achievements in the above 
areas. 
Although the support provided to 
other Directorates General must not 
be considered of lesser significance ­
in particular that provided to DG III, 
DG VI and to the Consumer Policy 
Service ­ the achievements related to 
these pertinent activities are presen­
ted together in the second part of this 
section. 
SCIENTIFIC and TECHNICAL SUPPORT to GENERAL DIRECTORATE XI 
Atmospheric Pollut ion 
The Central Laboratory of Air 
Pollution (CLAP) 
S02 Directive: measurement of 
suspended particulate matter ¡SPM) 
In the context of Di rect ive 8 0 / 
7 7 9 / E E C and in v iew of the 
standardizat ion of SPM measure­
ments in EC air quality networks, the 
Commission ( D G X I / B / 3 ) has 
entrusted the European Committee for 
Standardization (Technical Commit­
tee 2 6 4 , Work ing Group 2) with 
developing a reference procedure for 
testing the equivalence of PM10 
sampling heads with the reference 
measurement method of the Commis­
sion (WRAC or Wide Range Aerosol 
Classifier). PM10 is the fraction of 
SPM with a size lower than ΙΟμηη, 
corresponding to the fine particles 
that reach the thorax when inhaled. 
This reference procedure has been 
drafted by the C E N and wi l l be 
tested under field conditions in four 
measuring campaigns held at diffe­
rent locations and characterised by 
different aerosol size distributions and 
wind forces (heavy industrial area 
and low winds; industrial area; and 
strong w inds ; urban area; back­
ground area). Ispra has been selec­
ted as background site. During these 
c a m p a i g n s , the P M 1 0 f rac t ion 
measured with the WRAC wil l be 
compared with those obtained with 
candidate PM10 sampling heads. 
Six different PM10 sampling heads 
w i l l be submit ted to the test 
procedure. This campaign is sche­
duled to fake place in April 1994. 
N02 Directive: Quality Assurance 
Programme 
The CLAP has been equipped with a 
calibration facility designed espe­
cially for the organisation of inter­
comparison and intercalibration exer­
cises. The calibration unit is a compu­
terized dynamic diluter, which allows 
for the generation of complex gas 
mixtures (up to 8 components + 
ozone and water vapour) that can be 
supplied to up to 12 participants. 
In the context of the harmonisation 
programme of Directive 85 / 205 / 
EEC on air pollution by N 0 2 , two 
in tercompar ison exercises were 
organised with the aim of controlling 
the N O : ca l ib ra t ion procedures 
implemented in the EC air qualify 
monitoring networks. A first exercise 
took p lace in M a y 1 9 9 2 at the 
Landesanstalt für Immissionsschufz 
(Essen ­ Germany). The second exer­
cise was organised in April 1993 at 
the new calibration facility of the 
CLAP. The exercises were addressed 
to laboratories responsible for Quality 
Assurance/Control in the national air 
quality monitoring networks.(Fig. 44). 
A total of 20 laboratories from the 
1 2 European Member States took 
part in the exercise. Gas mixtures of 
N O and N 0 2 with concentrations 
ranging from 5 to 5 0 0 μg m'3, were 
genera ted and supp l ied to the 
par t i c ipan ts for measurement 
(Fig.45). Different calibration techni­
ques were implemented by the parti­
c ipat ing laborator ies: namely, a 
permeation method (reference cali­
bration method of the EC directive), 
static volumetric dilution, dynamic 
vo lumetr ic d i l u t i on , the Griess­
Saltzman wet chemical method, gas­
phase t i t ra t ion, and pressurised 
standard gas cylinders. The effects of 
factors which interfere, such as the 
water vapour content of the gas 
sample , on the response of the 
analysers were also investigated by 
supplying standard mixtures with 
water vapour contents increasing 
from 0 to 100%. 
When compared with the standard 
values, the measurements obtained 
by the different laboratories and with 
different calibration procedures sho­
wed good agreement. About 80% of 
the measurements were wi th in a 
to lerance limit of ± 1 0 % of the 
standard values. For N 0 2 concentra­
tions above 350 μg m'3, the Griess­
Saltzman method generally showed a 
lower response (5 to 8%) when 
compared to the other methods. It 
was also noticed that all the chemi­
luminescence analysers involved in 
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Fig.44. The calibration bench of the CLAP at the Institute hosted, in April 1993, 
the second intercomparison of N02 calibration procedures. The exercise was 
attended by 1 1 laboratories, in the context of the DGXI Quality Assurance 
Programme of Directive 85/203/EEC on NO,. 
the exercise showed a negat ive 
interference with the water vapour 
content of the gas sample. For an 
increase in relative humidity from 0 to 
100%, a typical decrease in sensiti­
vity of 10% was measured. 
O., Directive: VOC measurement 
techniques 
With the acceptance of Directive 
9 3 / 7 2 / E E C on air pollution by ozo­
ne, the Commission has made an 
important step toward the control of 
photochemical air pol lut ion. This 
Directive will require the monitoring 
of ozone concentration levels, but 
also recommends the measuring of 
ozone precursors such as NO., and 
VOCs at selected stations of the air 
quality monitoring networks. In view 
of the harmon isa t ion of V O C 
measurements, the CLAP had 
organised in 9 1 / 9 2 a first intercom­
parison of methods for VOC measu­
rement. This intercomparison has 
shown that the current performances 
of gas chromatographic techniques 
are still poor and must be improved, 
if they are to meet the requirements of 
a reference method for the determina­
tion of VOCs. 
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Fig.45. Intercomparison of NO¿ calibration standard. 
A second intercomparison was orga­
nised in December 93 ­ January 94 . 
About 2 0 labora tor ies rout inely 
dealing with air quality measurements 
participated in the exercise. Partic­
ipation was also extended to labora­
tories from the EFTA countries. The 
exercise was performed with the 
support of the Na t iona l Physical 
Laboratory in the UK, which provided 
the hydrocarbon mixtures. 
The intercomparison consisted of the 
measurement of both a gravimetric 
standard mixture and an authentic 
urban air sample. The gravimetric 
mixture conta ined 2 6 ind iv idua l 
74 
Scientific - Technical Support for Community Policies 
hydrocarbons (C2 to C 9 ) , w i th 
concentrations ranging from 5 to 80 
ppb by volume. The hydrocarbons in 
the grav imet r ic mixture la rge ly 
comprised the compounds relevant to 
the format ion of photo-ox idants 
proposed by the working group on 
"VOC Measurement Techniques" of 
the CEC. The gas mixtures were 
contained in passivated aluminium 
cylinders of 7 litre capaci ty at a 
pressure of 7 bar, and were distribu-
ted by road and air couriers to the 
participating laboratories. The results 
will be available for evaluation early 
in 1994. 
Application and development of 
VOC diffusive samplers 
The monitoring of VOCs by the air 
quality networks generally requires 
expensive and sophisticated measure-
ment techniques. Diffusive samplers 
offer a cheap and easily implemen-
ted alternative to these techniques. 
The diffusive sampling method for 
VOCs is comparable to the N 0 2 
method already implemented by the 
CLAP for network design studies. The 
VOC diffusive sampler consists of a 
stainless-steel tube, one end contai-
ning a chromatographic absorbent 
for fixing the pollutants. The pollutants 
are collected by molecular diffusion 
along the tube to the absorbent. After 
exposure of the samplers over a 
period of two weeks, the tubes are 
returned to the laboratory for analy-
sis. The hydrocarbons are thermally 
desorbed and measured by gas 
chromatography. 
The diffusive samplers have been 
tested and validated under laboratory 
conditions. In a first phase, the study 
was l imi ted to the compounds 
benzene, toluene and xylenes (BTX). 
An exposure chamber providing for 
the simulation of ambient conditions 
has been constructed. It has been 
possible to determine the uptake rates 
of the samplers and to test the effects 
of ambient parameters such as wind 
velocity and the changing concentra-
tions of pollutants. The first results of 
the laboratory validation study are 
promising and a first field validation 
study campaign is planned for early 
1994 (see the Brussels campaign, 
below). 
Case studies: the Milano and 
Brussels air pollution campaigns 
In February 1 9 9 3 , a na t iona l 
campaign was organized at Milan 
by the Institute of Air Pollution, CNR, 
Rome. The study was focused on 
meteo- ro log ica l and chemica l 
characterization of the serious smog 
episodes which frequently occur at 
this time of the year in Milan. TheJRC 
long-path differential optical absorp-
tion monitor (DOAS-OPSIS) was 
installed in the centre of the city at 
about a 30 m elevation on the tower 
of the Brera Arts Academy. This 
exercise has permitted a comparison 
of the data recorded with the DOAS 
system with data provided by other 
conventional and non-conventional 
monitors in a heav i ly -po l lu ted 
environment. 
In the context of a convent ion 
between the Commission (DGXI / 
B/3) and the Ministère de la Région 
Bruxelloise, an air pollution monito-
ring campaign was organised in the 
Brussels area with the aim of: 
- assessing the impact of emissions by 
traffic on urban air quality; 
- demonstrating the use of new air-
qual i ty moni tor ing techniques in 
urban areas; 
- sensibilizing the population of air 
quality problems in large cities. 
A first summer campaign took place 
from June to September 1993, which 
was followed by a winter campaign 
from December 1993 to February 
1994. The participation of the CLAP 
involved various aspects: 
- The exposure of the population to 
N 0 2 was determined by measuring 
the distribution of the pollutant over 
the metropolis. 200 passive samplers 
were installed in the Brussels area 
and exposed over successive two-
week per iods. The N 0 2 passive 
sampler consists of a plastic tube, 
one end con ta in ing a spec i f i c 
absorbent for fixing the pollutant gas. 
The pollutant is collected by molecu-
lar diffusion to the absorbent, where 
it is retained for subsequent measure-
ment in the laboratory. In the case of 
N 0 2 , the gas is co l lec ted on 
stainless-steel mesh discs coated with 
triethanolamine and is determined 
spectrophotometrically by a variation 
of the Griess-Saltzman method. The 
summer campa ign permitted the 
localisation of critical areas where 
the populat ion is exposed to the 
highest risks and where air quality 
should be monitored with the highest 
priority. During the winter campaign, 
the N 0 2 survey was extended to 
include BTX measurements by the 
diffusive sampling method, with 80 
samplers d is t r ibuted over the 
metropolis. 
- To demonstrate the use of DOAS 
systems under real field conditions 
and to estimate the pollution disper-
sion and possible chemical conver-
sion inside a "canyon" street, two 
mobile units equipped with point 
monitors and two DOAS systems 
were deployed in an area of high 
traffic and characteristic structure (rue 
de la Loi); the mobile units were 
located one in front of the Berlaymont 
bui ld ing (Fig. 46 ) and the other 
along the street. Monitors for S0 2 , 
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Fig.46. The mobile laboratory in Brussels during the air quality measuring 
campaign. 
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Fig.47. Ambient air concentrations of benzene, toluene and other pollutants 
were measured during the air quality campaign in Brussels by DOAS systems. 
The ratio benzene / toluene, measured 30 m above ground, is modified by the 
local photochemistry. The different rate constants or the reactions of the OH 
radicals with the two aromatic hydrocarbons is much faster ¡the reaction with 
the toluene) is responsible for the modification. The photochemical activity is 
expressed in the diagram by the O-, concentration (also measured by the DOAS 
instrument), which is taken as an approximation of the OH radical 
concentration. 
N O , NO.-, ozone, particulates, C O , 
benzene, toluene, m-xylene, and 
samplers for organic acids, were 
distributed inside the two vans. One 
DOAS instrument (SANOA, Atmos, 
France) measured some metres above 
the street a long a path length of 
300m; the other (OPSIS, Sweden) 
measured at about 30 m elevation 
above the ground along a path of 
8 4 6 m. The DOAS systems measured 
SO.., NO. . , ozone , par t icu la tes, 
C H . O , H O N O , N O , , benzene, 
toluene and p-xylene. (Fig.47) The 
campaign wil l be repeated in lhe 
cold season (February 1994). 
EMEP Monitoring Programme 
EMEP is the co-operative programme 
for the monitoring and evaluation of 
the long-range transmission of air 
pollutants in Europe. Its main objec-
tive is to provide Member Countries 
with information on the depositions, 
concentrations and fluxes of atmo-
spheric pollutants across national 
boundaries. 
About 100 stations located in 35 
European countries participated in 
the 1993 EMEP activity. 
Fo l l ow ing ar t i c le 9 of C o u n c i l 
Resolution N. 8 1 /462 /EEC and at 
the request of DG XI, JRC Ispra has 
been operating an EMEP monitoring 
station at Ispra since November 
1985. The following parameters are 
measured, here: 
- in air: SO,, N O , , N O , O, , C O 
and PAN, continuously; non-methane 
hydrocarbons, methane and N H , , 
occasionally.; 
- in atmospheric particulates: SO,, , 
N O , , N H / , C I , H' and TPS on a 
regular daily basis; heavy metals, in 
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Fig.48. Monthly average concentration of 03, SO2, and NO2 in air (μα m3) 
above) and of NHd\ NO3, and SÖ4 in rain ¡mg I', below) measured at the 
EMEP station. The pH values of the rain samples are also shown. 
8­day sampling periods; 
­ in atmospheric precipitations: SO..", 
N O 3 , C I , N H , * , N a ' , K*, Ca**, 
Mg**, pH and electrical conductivity, 
in one­day sampling periods. Heavy 
metals in a monthly sampling period.; 
­ seven meteorological parameters. 
Deta i led results of al l the da ta 
col lected are reported in annual 
reports and transmitted monthly to the 
Norwegian Institute for Air Research 
(NILU), acting as EMEP Chemical 
Coordinating Centre, to DG XI and 
to the Municipality of Varese. 
Figure 4 8 represents the monthly 
average concentrations measured at 
this station during the last eight years, 
of O3, N 0 2 , S02 , in air and of pH, 
NO3, SO; ­ and N H / in rain. 
Ten selected EMEP moni to r ing 
stations ( including the JRC) have 
ca r r ied out a study for the 
determination of H N 0 3 / N 0 3 and 
N H 3 / N H / in air using the annular 
dénuder technique; this study was 
based on 2 0 days of continuous 
measurements every three months. 
Using the same analytical method, 
sporadic measurements of day and 
night air sampl ings have been 
performed. 
Starting from l 986 , the measurement 
of some heavy metals in rain has 
been performed. The median concen­
trations of these elements, expressed 
as μg I' during the period I 986 ­
1992,are reported in Table 7. 
The C2­C5 VOC (Volatile Organic 
Compounds) measurement in air at 
different EMEP sampling sites located 
in the Medi te r ranean Basin was 
started in May 1993. Up to now, the 
weekly samples collected at three 
EMEP stations (Spain, France and 
Italy) have been analysed. In Table 
8, the mean concentration values of 
the main components measured at 
the JRC Ispra station between July and 
December 1994 are reported. 
The PAN (Peroxyl Acetyl Nitrate) 
intercalibration exercise, in which 1 2 
European laboratories were involved, 
has accomplished its task with the 
standards d is t r ibuted in the last 
intercomparison exercise, launched in 
July 1 9 9 3 ; the final report of the 
whole activity will be presented by 
the coordinator (NILU) during the next 
year. Continuous monitoring of PAN 
has been performed at the JRC Ispra 
station since 1 992 . 
In Figure 4 9 , the values for all the 
measurements performed in 1992 
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Zn 
Pb 
Cd 
Cu 
Ni 
Co 
Wor ld rural* 
36 
12 
0.5 
5.4 
2.4 
0.75 
Ispra 
38.72 
14.47 
0.29 
3.67 
2.57 
0.63 
Ratio Ispra.world rural 
1.08 
1.21 
0.58 
0.68 
1.07 
0.84 
* Source: Gal lowayJ.N.and al: Afm. Env., 1982,16,1667 
Table 7. Median metal concentration in wet deposition; comparison between 
Ispra and the world rural. 
and 1993 are shown and classified 
by cumulative frequency. The differen-
ces between the 1992 and 1993 
values are p r o b a b l y due to the 
various times of measurement and 
meteoro log ica l condi t ions (solar 
irradiation, cloudiness, etc.). 
Prevention and Reduction of 
Environmental Pollution from 
Asbestos 
In v iew of implementat ion of the 
Directive EC 8 7 / 2 1 7 , the Institute 
contributed to the development of an 
ISO standard involving the use of the 
fibre count method for the determina-
tion of fibres in asbestos plant emis-
sions. Participation in the second 
fibre counting trial for asbestos and 
non-asbestos fibres, organised by the 
Asbestos International Association, 
has taken place. This method has 
now been accepted by the Member 
States. 
COMPOUNDS 
ethane 
ethene 
propane 
propene 
¡¡-bufane 
acetylene 
n-butane 
Sum butènes 
cyclopentane 
¡-penta ne 
propyne 
n-pentane 
Sum pentenes 
1, 3-butadiene 
Mean 
6.23 
4 .45 
1.81 
1.35 
1.01 
3.14 
4 .75 
4 .99 
0.12 
1.04 
0.03 
0.51 
0 .97 
0 .24 
Max. 
13.09 
16.39 
6.02 
4 . 5 0 
2.72 
1 1.30 
25 .79 
22 .53 
0 .62 
4 .52 
0 .07 
2.95 
7 .40 
2.85 
Min. 
2.63 
0.33 
0.06 
0.12 
0.07 
0.08 
0.66 
0.24 
0.00 
0.03 
0.00 
0.00 
0.00 
0.00 
Table 8. VOC July /December 1993; two samples by week at 14.00 h. 
(ppbv) 
W a t e r Q u a l i t y 
Within the context of the collabora-
tion with the DG XI, the scientific 
work has continued in the light of the 
adoption of the Directive concerning 
the eco log ica l qual i ty of suiface 
waters. 
A report on restoration and manage-
ment techniques for lakes and reser-
voirs was completed. It examines the 
various source categories that descri-
be major stresses on lake water quali-
ty relative to human use and ecolo-
g ica l integrity, i.e. point sources 
( industr ia l , mun ic ipa l , comb ined 
sewer overflow) and diffuse sources 
(agriculture, urban runoff, construc-
t ion , l and d i s p o s a l , resource 
extraction, long range atmospheric 
transport, natural). 
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10 
Fig.49. PAN cumulated frequency; hourly measurements from May 1992 to 
September 1993 at JRC Ispra. 
The study gives an overv iew of 
common lake and reservoir problems 
in EUMember States. 
Six types of lake or reservoir 
problems are frequently encountered 
namely: 
- nuisance algae; 
- excessive shallowness; 
- excessive rooted plants (weeds or 
macrophyted) and their attached 
algal mats; 
- drinking water taste, odor, colour, 
and organics; 
- poor fishing; 
- acidic conditions. 
For each of these major problem 
areas, several in-lake and manage-
ment techniques have been found to 
be ef fect ive, long- las t ing , and 
generally without significant negative 
impact when used properly. 
Best management practices to control 
four primary interactive processes, 
i.e. erosion control, runoff control, 
nutrient control, and pesticides or 
toxic control, were discussed. Their 
effectiveness, capital costs, longevity, 
credib i l i ty and adap tab i l i t y in a 
variety of geograph ic areas and 
situations have been reported. 
Once problem ident i f icat ion has 
occurred, a management choice can 
be made among a var ie ty of 
physical, chemical and biological 
control techniques. Particular care 
must be taken, however, in conside-
ring potentially deleterious side-effects 
associated with these management 
methods. A natural ecosystem is 
made up of innumerable, complex 
interactions (biotic and abiotic) that 
are incompletely understood. Altera-
t ion of a system to cont ro l an 
undesirable characteristic can produ-
ce unwanted responses in other 
features. Management objectives 
should include the maintenance of a 
relatively natural ecosystem with 
ecologie diversity (as opposed to a 
community swimming pool), whi le 
upgrading usability. 
A possible classification of in-lake 
rehabilitation and management tehni-
ques was summarized. 
Qualitative evaluations of the proce-
dures with regard to short- and long-
term effectiveness, costs and potential 
negative impact, were also conside-
red. 
Some recent case-studies in the 
Member States and in countries 
outside the EU were used to illustrate 
the control of nuisance algae and 
phosphorus release from sediments 
(eutrophic wa te rbod ies ) and to 
mitigate acidic conditions. 
Finally, the study reported some 
general guidelines for lake/reservoir 
management, organized according 
to a two-fold scheme, i.e. a) the lake 
hydrology and morphology, and b) 
the possible environmental effects that 
can be associated with the different 
water uses (Tables 9 and 10). It is 
interesting to notice that some water 
uses which need restrictive quality 
standards (e.g. drinking water and 
bathing) are compatible with several 
restoration techniques. Other uses as 
faunistic and floristic are incompatible 
with almost all internal measures for 
nutrient control. 
The work on the impact of trace 
compounds and elements (Directive 
7 6 / 4 6 4 / E E C ) has continued. 
During the reference period the non-
point sources and discharges of 
selenium and the nitrogen species, 
ammonia, nitrite and cyanide, have 
been studied a long w i th the 
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uses 
Area 
< 10 ha 
10 - 1 0 0 ha 
100 -i- 3000ha 
>3000 ha 
Depth /Maximum Stratification 
> 3 m/Not stratified 
3 τ ό m/polymittic 
6 - 1 0 m / V < 0.5 VE 
1 0 - 4 0 m / 0 . 5 V E < V , < V B 
> 40 m / V, > VE 
Renewal Time 
< 4 months 
4 months-3 years 
> 3 years 
BIO 
0 
-
X 
X 
0 
0 
0 
0 
0 
0 
X 
X 
SED-
TR 
0 
0 
0 
-
0 
0 
0 
0 
-
0 
0 
-
SED-S 
0 
0 
-
X 
X 
-
0 
-
X 
0 
-
X 
SED-
DR 
0 
0 
-
X 
X 
X 
-
0 
0 
-
0 
-
CIR 
0 
0 
-
X 
0 
0 
0 
0 
0 
0 
0 
0 
HY-
AE 
0 
0 
-
X 
X 
X 
-
0 
0 
0 
0 
0 
ILC 
0 
0 
-
X 
X 
X 
0 
0 
0 
0 
0 
CPN 
0 
0 
-
X 
X 
0 
0 
-
X 
0 
0 
0 
HY-
W 
0 
0 
X 
0 
0 
0 
-
X 
0 
0 
-
BO 
0 
0 
X 
X 
0 
0 
-
-
X 
0 
0 
0 
DIL 
0 
X 
X 
X 
-
0 
-
0 
0 
0 
WASH 
0 
0 
2 
8 
0 
0 
0 
0 
0 
0 
0 
0 
NOTES 
WAS 
DIL 
ΒΌ2 
CPN 
HC 
HY-AE 
CIR 
SED-DR 
HY-W 
SED-S 
SED-TR 
BIO 
= Washout 
= Dilution 
= Bottom oxygenation 
= Chemical precipitation of nutrients in the water column 
= Internal loading control by chemical precipitation 
= Hypolimnetic aeration 
= Aeration by artificial circulation in the water column 
= Dredging of the upper layers of the sediments 
= Hypolimnetic withdrawal 
= Sediment sealing 
= Sediment treatment 
= Bio manipulation 
Indication of applicability 
χ = Prohibitive 
- = limitations 
0 = Suitable 
? = There are not wellcfocumenled experiences to confirm 
its effectiveness, difficult lo evaluate 
= = Heavy limitations 
Table 9. Relationship between the main hydromorphometric characteristics and the suitability of some in-lake restoration 
techniques. 
discharge of mercury, beryllium and 
thallium due to point sources. 
In genera l , very little information 
appeared to be available on these 
non-point sources in the Member 
States, so no country-by-country 
evaluation was possible. 
Figures for the total emission of 
selenium from all sources in Europe 
totalled 188.4-103 kgy 1 (Table 1 1), 
a break-up among non-point sources 
(Table 1 2) , however , offers an 
incomplete picture. The major non-
point source seems to be dry and wet 
atmospheric deposi t ion, but data 
from only five Member Countries are 
available, the UK being at the top 
with 91 t y ' (onto agricultural land 
only). 
Data conce rn ing the non-point 
sources of the toxicologically more-
important nitrogen species, ammo­
nium, nitrite and cyan ide , in the 
aquatic environment are surprisingly 
scarce when considering the general 
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uses 
Drinking water 
Industry 
Irrigation 
Bathing 
Sport fishing 
Navigation 
Aquatic sports 
Aesthetical 
Commercial fishing 
Cultural!*) 
Weighboushood from urban zones 
Faunistic and floristic conservation 
BIO 
­
­
= 
SED­
TR 
­
SED­S 
­
­
­
X 
SED­
DR 
­
­
CIR 
­
­
= 
X 
HY­
AE 
S 
­
X 
ILC 
­
CPN 
­
­
= 
HY­
W 
­
­
= 
= 
= 
= 
X 
B0 2 
­
X 
DIL 
= 
X 
WASH 
n.c. 
n.c. 
X 
(*) It is intended the hystorical­culturaÎ perception that public has of the lake value. 
Table 10. Environmental impact of some in­lake restoration techniques with regard to the water uses. 
COUNTRY 
Β 
Dk 
F 
D 
former DDR 
Gr 
Ir 
1 
L 
NI 
Ρ 
E 
UK 
Total 
EMISSIONS 
11.4 
3.8 
18.0 
46 .6 
24.1 
3.1 
1.0 
24 
0.2 
7.9 
1.4 
10.9 
36 .0 
188.4 
SOURCE 
Domestic sewage 
Sewage sludge (dumping into the sea) 
Agriculture 
­ Pesticides 
­ Ferti izer and manure 
Mining deposits,landfill and dumps 
Deposition to the aquatic environment 
Surface run­off due to deposition 
Surface run­off due to sewage 
Sludge on agricultural land 
Surface run­off due to the use of P­fertilizer 
Surface run­off from landfill 
Release from sediments 
SELENIUM 
1.4 
8 ­ 1 0 
0.3 
3.9 
0.4 
CYANIDE 
0 . 3 ­ 0 . 4 * 
2 6 ­ 3 1 
Table 11. Emission of selenium for all 
sources in Europe in 1979 (in tonnes y J 
* Only lhe Netherlands 
Table 12. Discharges of selenium and cyanide into the aquatic environment 
the EU due to non­point sources, (in tonnes y') 
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Country 
Β 
Dk 
F 
D 
Gr 
Ir 
1 
L 
NI 
Ρ 
E 
UK 
Total 
Sewage 
sludge 
7 
39 
130 
573 
n.d. 
3 
n.d. 
7 
54 
n.d. 
4 
27 
8 4 4 
Surface 
Atmospheric 
deposition 
2726 
2655 
20764 
71 18 
2340 
2993 
10633 
149 
4683 
1543 
8509 
1 1541 
7 5 6 5 4 
run­off of ammonia 
Animal 
manure 
fertilizer 
1347 
1331 
9022 
9406 
1985 
2621 
5055 
78 
2440 
998 
5243 
7927 
4 7 4 5 3 
Inorganic 
9000 
18850 
130200 
77000 
20200 
17450 
49350 
850 
21800 
7850 
56050 
73100 
4 8 1 7 0 0 
Total 
13080 
22875 
160116 
94097 
24525 
23067 
65038 
1084 
28977 
10391 
69806 
92595 
6 0 5 6 5 1 
Table 13. Surface runoff of ammonia from various sources to surface waters in 
EU Member States, ¡ton Ν ­ NH3) 
SOURCE 
Domestic sewage 
direct 
indirect 
Sewage sludge 
disposal at sea* 
Atmospheric deposition 
direct, inland waters 
direct, continental waters 
Surface run-off 
sewage sludge 
indirect atmospheric 
deposition 
animal manure 
inorganic fertilizers 
Leaching 
Total 
AMMO­
NIA 
205 
164 
5 
48 
233 
1 
76 
47 
482 
n.d. 
1261 
• Β 
π d 
, N I and the UK only 
data not available 
Country 
Β 
Dk 
F 
D 
Gr 
Ir 
I 
L 
NI 
Ρ 
E 
UK 
EC 
Direct discharge 
Ammonia 
+ 
Ammonium 
13332 
178 
52515 
1 1854 
17489 
5101 
44773 
132 
2316 
17814 
39308 
17816 
2 0 4 7 9 8 
Nitrite 
909 
12 
3222 
727 
1073 
313 
2747 
8 
142 
1093 
2412 
1093 
13751 
Table 14. Discharge of ammonia 
and ammonium in the aquatic 
environments of the EU ¡Ν ,kton y') 
Table 15. Direct annual discharge of 
ammonia and ammonium from do­
mestic waste water into surface wa­
ter of the EU­Member States, ¡ton y') 
importance of the nitrogen cycle in 
the environment. 
Most information refers to the surface­
runoff of ammonia and 6 0 5 6 5 1 t N­
N H 3 are transported annual ly to 
surface waters in the EU (Table 13), 
and the total non­point discharges 
are estimated to be 1,261,000 t y ' , 
domestic sewage, atmospheric depo­
sition and inorganic fertilizer spread 
be ing the most important s ingle 
sources (Table 14). 
Few non­point sources for nitrite can 
be evaluated, due to the general lack 
of analytical data in the literature. 
Country 
B 
Dk 
F 
D 
Gr 
Ir 
I 
L 
NI 
Ρ 
E 
UK 
EC 
Direct c 
Ammonia 
+ 
Ammonium 
1776 
3898 
22835 
42822 
780 
683 
26957 
259 
10692 
884 
14564 
37543 
163693 
Jischarge 
Nitrite 
101 
221 
1293 
2425 
44 
135 
1526 
15 
605 
50 
825 
2126 
9 3 6 6 
Table 16. Annual discharge into 
surface waters of ammonia and 
ammonium and of nitrite from 
sewage plants treating domestic 
wastes, per EU Member Stales, 
¡ton y') 
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Branch of industry 
Mineral oil refining 
Gen. elee.power 
Man. of metals 
Non-ferrous metal ind. 
Man.ind.ehem. 
excl.fert/chlor-alk. 
and tit.dioxide.ind. 
Man. of paint 
(tit.dioxide.ind.) 
Fertilizer ind. 
Chlor-alkali ind. 
Pharmaceutical ind. 
Soap ind. 
Other chem.products 
Elect.-tech.ind . 
Shipbuilding 
Food and drink ind. 
Slaught/prep. meat 
Grain milling 
Sugar man./ref. 
Distilleries 
Textile ind. 
Man. of paper 
Cleaning/disinfection 
B 
2 
4 
21 
12-108 
94 
1 
? 
2 
3 
1 
1 
3 
12 
2 
Dk 
2 
3 
2 
1 
2 
6 
1 
3 
1 
3 
F D Gr 
12 12 
? ? ? 
100 
430 
1 70 
38-340 
45 90 
? ? ? 
25 13 
4 2 
? ? ? 
30 
? ? ? 
Ir Ι ί 
6 
NI 
3 
? ? ? 1 
36 
4 
31-278 
r 
? ? ξ 
3 11 
4 
? ? 
? ? 
25 
71 
21 
339 
Ρ Ε 
1 3 
? ? 
1 
46 322 
5 ξ 
7 1 
1 1 
? 1 ξ 
? 14 ί 
3 
10 
3 
3 
2 ? 
υκ 
10 
10 
16 
918 
230 
3 
2679 
3 
15 
3 
8 
28 
3 
EC 
49 
13 
156 
4 
48 
1419 
323 
423-1068 
3276 
1 
1 
2 
5 
2 
3 
92 
20 
1 
28 
13 
30 
16 
Table 17. Total discharge of mercury into the aquatic environment in the EU Member States ¡kg y') (rounded). 
Major sources seem to be discharge 
from domest ic waste water and 
sewage plant effluents (Tables 1 5 
and 16). 
Analytical data on cyanide are still 
scarce, so few non-point sources 
could be quantified. (Table 1 2) 
The discharges of mercury, thallium 
and beryllium to the aquatic environ-
ment due to point sources, showed 
that insufficient data are available for 
emission coefficients to be developed. 
The total discharges of mercury in the 
EU are estimated to be 5,925-6,570 
kg y ' (Table 17), the most important 
single sources being fertilizer industry 
and chlor-alkali production plants. 
Studies on the discharges of unde-
sired substances into the aquat ic 
environment, which covered the point 
sources of the 14 most important 
metals and some nitrogen species, 
will be completed in 1994, applying 
a reduction model which is currently 
being developed. 
Chemical W a s t e 
Information of the European Waste 
Catalogue ¡EWC) 
The work programme for DG XI, as 
described in the Annual Report for 
1992, was accomplished to a large 
extent. The programme structures and 
algorithms of the local system (MS-
DOS, PC) and the central system 
(UNIX, work station) have been set 
up and tested. N a t i o n a l waste 
catalogues (B, D, DK, F, I, NL, UK, 
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Others 
Fruit 
Cereals 
Vegetables 
Fish 
Meat 
airy 
Deposit ion 
ater 
Fig 50. Overview of the REM data bank contents. 
CH), and international catalogues 
and lists ( O E C D , N A C E , Basel 
Convent ion) , have a l ready been 
loaded into the systems. Two prelimi-
nary versions of the European waste 
catalogue, elaborated by a group of 
independent experts (D, I), have also 
been introduced. 
The official version of the European 
Waste Catalogue (EWC) accepted 
by the "steering committee" during 
the session held in October 1993 
wi l l be publ ished in the Of f i c ia l 
Journal of the European Communities. 
The official translations into the nine 
languages of the Community will be 
ready at the beginning of 1 9 9 4 . 
Then the official version of the EWC 
will be introduced into the two infor-
matie systems. 
During the work of the Committee it 
became evident that it has not been 
possible, within the time limits fixed 
by Directive 91 / 6 8 9 / E E C , to define 
hazardous wastes in terms of an 
inclusive binding list, as required by 
Article 1 of the Directive. Therefore, 
the date for drawing up a Community 
list of hazardous waste has been 
pos tponed (see Proposal 9 3 / C 
2 7 1 / 0 6 ) . For this reason, up to 
now, it hes not been possible to 
introduce the hazard attribution of the 
wastes info the informatie systems. 
Radioactive Environmental 
Monitoring (REM) 
REM data bank 
The Radioactivity Environmental Moni-
toring (REM,) data bank was set-up by 
the JRC-lspra in 1 9 8 8 , to br ing 
together and store in a harmonised 
way environmental radioactivity data 
produced in the aftermath of the 
Chernobyl accident. In this way, the 
data bank has two main objectives: 
- to keep a historical record of the 
Che rnoby l a c c i d e n t , for further 
scientific study; 
- to store the radioactivity monitoring 
data of the EU Member States in 
view of preparation of the Monitoring 
Report. 
By means of this report, the Member 
States will be informed of the radio-
activity levels in the environment of 
the European Union, as staled in art. 
35 - 36 of the Euratom Treaty. 
The information held by the bank 
covers radioactivity measurements 
from the 1 2 EU Member States, as 
well as from other European countries 
for both environmental samples and 
foodstuffs from 1984 onwards. Best 
represented are air , depos i t i on , 
water, milk, meat and vegetables 
(Fig. 50). The current total number of 
data records stored in REM is over 
5 0 0 , 0 0 0 . 
Up to now, most of the data are sent 
to the JRC in the form of reports. After 
being digit ised by means of data 
input processing tools, such as Proteo 
or EasyProteo (see below), the data 
are exported into the standard REM 
data exchange format (card image 
format) and up-loaded in the REM 
data bank. 
Data in the bank are avai lable to 
external users via network connec-
tions to REM ( X . 2 5 , internet or 
modem). Whilst querying the bank, 
the user can off-load the selected 
dataset on his PC. Later on, having 
closed the connection to REM, he 
can continue using the data with the 
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Easy-Proteo J A t m n l C W » 
Locality nane ¡Sample Type 
KEIZERSUIER 
KEIZERSUIER 
KEIZERSUEER 
KEIZERSUEER 
KE1ZERSUEIR 
KEIZERSUEER 
KEIZERSUEER 
KEIZERSUEER 
iRIUER UflTER, 
;RIUER UflTER, 
iRIUER UflTER, 
RIUER UflTER, 
RIVER UflTER, 
¡RIUER UflTER, 
RIUER UATER, 
RIUER UflTER, 
MEUSE «EAR NL/B¡RIUER UflTER, 
MEUSE MEHR H U B IRIUER UflTER, 
HEUSE HEAR NL/BiRIUER UflTER, 
MEUSE NEAR NL/B RIUER WfiTE 
Copyright (C) 1991. 
Gerard de Uries - (39)-3 
R.E.M. Data-Manager! 
Marc De Cort - f.39)-33Z-| 
Tax: (39)-332-7H9-IS3| 
NO ¡US Sample Treatment 
ND Uy Apparatus Tupe 
NO ¡Uf! Begin Date 
NO'Ul Begin Time (UTC) 
N0:U§ End Date 
N0:u§ End Time (UTC) 
NO N < 
N0-u| Dec. Activity Ualue 
Nfj:uj Exp. Actiuity '' ' 
NOUS Nuclide Catego 
MOlug Measuring Unit 
KEIZERSUEER 
RIUER UflTER, NOT FURT 
UNSPECIFIED 
UNSPECIFIED 
01/07/90 
ΟΘ:θβ 
31/Θ7/98 
TIME AUERAGE (MONTH) 
ocessor for 
irDltwental Monitoring 
36 of Curatoli Treaty 
lent Inst i tute 
arch Centre - Italy 
Example of screen layout ! 
Fig 51. Example of screen layout of the data input processor EasyProteo 
REMGRAF package (1991) or with 
EasyProteo. 
At present, two versions of the data 
bank exist on the UNIX server 
URANO: a backup version running 
under ADABAS 5/NATURAL 2 and, 
in accordance with the general CEC 
strategy, a version under O r a c l e / 
SQL. The ADABAS version will cease 
to exist when all the appl icat ion 
software is rewritten for Oracle, has 
is foreseen for 1994. 
Over the year 1 9 9 3 , further 
conversion from the ADABAS to the 
Oracle data base was performed: 
comple t ion of the data l oad ing 
rout ine, the da ta management 
program (REMUTIL) and the data 
query program for external users 
(REMNEW). 
Fig 52. Schematic overview of the data flow of environmental radioactivity 
measurements between the EU Member States and the CEC 
At the beginning of 1993, the input 
of 1 9 8 7 ­ 1 9 9 0 monitoring data 
was completed and data checking 
was continued for the rest of the year. 
The input of 1991 monitoring data 
was started. 
Due to the necessity of digitising and 
checking the monitoring data, an 
important delay in data management 
and monitoring report preparation 
was experienced. 
To have an input processor better 
adapted for digit ising monitoring 
data, the development of EasyProteo 
was started in December 1 9 9 1 . The 
data producer has a number of 
facilities that not only speed up data 
input (e.g. data block and data base 
copy commands), but prevent the 
inserting of typing errors (by means of 
using selection tables) and perform a 
first data check at the level of input 
(Fig. 51). 
Beside the possibility of exporting the 
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data into the REM data exchange 
format, EasyProteo also permits the 
exporting of the digitised data into 
different commercial formats (e.g. 
Excel, Lotus l23, ASCII,...). In this 
way Member States can also benefit 
from their digitising efforts (Fig. 52). 
The so f tware deve lopmen t and 
debugging were continued during the 
past year and are now at the final 
stage. 
A large number of improvements 
were added (e.g. dialog boxes with 
context-sensitive help, moving of data 
blocks between data bases, merging 
of data bases, import of REM card 
image format, tab le pr int ing) . A 
completely new and improved user 
manual was written. 
Atmospheric Models for pollution 
episodes 
The activity carried out was aimed at 
assessing the concentration fields 
derived from emission episodes over 
a w i d e range of d is tances and 
conditions. To do this, long-range 
distance and mesoscale dispersion 
models, together with mesoscale flow 
models, were developed. 
In the category of the long-range 
distance dispersion, the software 
procedure for concentrat ion data 
assimilation was improved by the use 
of multiple level trajectories. Further­
more, support was given to the Swiss 
Meteorological Service, which uses 
Ispra model LORAN in the ETEX 
experiment. In LORAN, a new real­
time procedure aimed at matching 
the model results with observations 
was developed and tested using the 
Chernobyl data-sets. 
For the mesoscale, a new lagrangian 
skewed quasi homogeneous disper­
sion model for use in pollution episo­
des over complex terrain, was deve­
loped and compared with observations. 
For the same range of distances, 
development and application of flow 
models cont inued to simulate the 
formation of sea breezes and valley 
breezes in complex terrains. A non-
hydrostatic version of the model TVM 
was started, which is capab le of 
enlarging the field of applicability of 
such models. 
Harmonisation of radioactive 
monitoring techniques 
The proposals made by the Institute 
w i th respect to harmonis ing the 
measurements and repor t ing of 
environmental radioactivity in the EU 
Member States resulted in the crea­
tion of two working groups: 
- the first working group deals with 
data transfer between the Member 
States and the CEC and with the 
establishment of a dense monitoring 
network; 
- the second w o r k i n g g roup is 
dealing with the establishment of a 
sparse network of sensitive monitoring 
stations and with the organisation of 
intercomparison exercises for measu­
ring techniques of environmental 
radioactivity. 
The intercomparison exercises are 
performed in collaboration with the 
International Reference Centre of the 
Wor ld Health Organisation (WHO) 
at Le Vesinet (F). 
The second intercomparison exercise, 
executed in 1 9 9 2 , concerned the 
determination of *°K, '3iCs and l37Cs 
in milk samples. The results of the 1 6 
participating EU laboratories were 
analysed in 1993. All measurements, 
except one, were within 1 5%. 
In N o v e m b e r 1 9 9 3 , the th i rd 
exercise, on the measurement of natu­
ral uranium, •'•>Ra and an artificial 
radionuclide in mineral water, was 
started. 
CEC - CIS collaboration 
programme 
In the framework of the 'Joint Study 
Project Γ (JSP1), as a part of the 
development program CHECIR, DG 
XI I /F /6 , theJRC-lspra is participating 
in the setting-up of a communication 
system for the exchange of Chernobyl 
contamination measurements with the 
Studie Centrum voor Kernenergie 
(SCK, M o l , Belgium) and the 
Kurchatov Institute of Atomic Energy 
(KIAE, Moscow, Russia). KIAE is the 
co -o rd i na t i ng institute for the 
Chernobyl measurements stored in 
the data banks of several Russian 
institutes. During the year 1993, a 
number of tests for the exchange of 
large amounts of data by means of e-
mai l , X.25 and on diskette, were 
per formed between the JRC and 
KIAE. In December, a data base 
server was installed at KIAE, permit­
ting on-line query by internet con­
nection. 
In the same collaboration program­
me, the JRC - Ispra is the CEC co­
ordinator for Joint Study Project 6 : 
"Compilation of a European Atlas of 
Rad ioac t i ve Con tam ina t i on and 
External Exposure resulting from the 
Chernobyl Accident". The scope of 
the project is to integrate, as much as 
poss ib le , da ta re la ted to the 
Chernoby l acc iden t from former 
Soviet Un ion into a common 
information system. 
The da ta w i l l be entered into a 
geog raph i ca l information system 
(GIS), in order to fac i l i t a te the 
production of maps and to make the 
da ta a v a i l a b l e on a common 
in format ics p la t form for further 
86 
Scientific - Technical Support for Community Policies 
Fig 53. Digitized map of Cs'37 contamination in Russia, Ukraine and Belarus 
¡original map: The International Chernobyl Project, IAEA) 
gical emergency messages. Since 
Member States belonging both to the 
IAEA and the EU have to comply with 
similar obligations, it was decided 
that the IAEA and the CEC should co-
operate as closely as possible. This 
resulted in an identical code - the 
Convent ion Information Structure 
(C.I.Structure) - into which messages 
containing radiological information 
are encoded and sent. The data are 
transmitted between the CEC and its 
Member States in encoded form, to 
ensure a maximum reduct ion of 
transmission and translation problems. 
In 1 9 9 1 , work on the C o d i n g 
Decoding Software was started with 
the aim of providing Member States 
with software, in order to reduce to 
the maximum extent the introduction 
of errors. Therefore, the software was 
designed and developed to be as 
user-friendly as possible, making use 
of selection tables for input where 
possible and data checking at input 
level. 
scientific study. 
Although, in the first stage, priority is 
given to caesium deposition measu-
rements, all secondary information 
relevant to the acc iden t ( e . g . 
popu la t ion densi ty, land cover , 
agriculture roads, rivers, landmarks, 
...) is planned to go eventually into 
the GIS. Although only started in 
November 1993, the digitalisation 
of existing deposition maps of the 
Chernobyl area was started in order 
to gain practical experience (Fig. 53). 
The GIS ( A R C / I N F O ) is to be 
installed on an IBM Rise 6 0 0 0 model 
5 8 0 (20 Gb) at the beginning of 
1994. 
ECURIE 
After the nuclear accident at the 
Chernobyl nuclear plant, a system for 
meeting the requirements for early 
warning and exchange of information 
was set up by the Internat ional 
Atomic Energy Agency (under the 
Early Notification Convention - 27 
O c t o b e r 1 9 8 6 - and the Early 
Assistance Convention - 26 February 
1987). 
A similar system was established by 
the CEC ( fo l l ow ing the Counc i l 
decision of 14 December 1 9 8 7 , 
and resulted in the European 
Communi ty Urgent Rad io log ica l 
In format ion Exchange (ECURIE) 
system, developed in close collabora-
tion with the EU Member States. 
The ECURIE system consists of a telex 
communication network between the 
CEC and the Member State contact 
points for the transmission of radiolo-
In 1 9 9 3 , the C o d i n g - D e c o d i n g 
Sof tware (CDS) was deve loped 
together with the IAEA (decoding 
part) and by the JRC-lspra (encoding 
part) (Fig. 54). 
The CDS was further improved and 
tested for the in ter face to 
automatically mail by telex (Telex-
box3). Together with the IAEA, the 
software and the user manual was 
revised. This resulted in release 3.4.1 
(30 September 1993), with world-
wide availability. 
Wi th the aim of further integrating 
the decoding and encoding parts, 
translation info the different official EU 
languages and the incorporation of 
multi-message-management, prepara-
tion of a new version of CDS has 
started. 
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00Θ - General information about the message 
001/ΘΘ4 - Peport identification 
001 - Reported bu (Countru, Organization): 
OøZ - Reporting Date: L ! Ti«e: Ö3EL 
003 - Serial number of tlie report 
Countru: XE Organization: MiaBKWil Event: J Seguence n°: S 3 
tout the message: Ooi ¡imu add FR-France ti 
I GR-Greece 
IE-Ireland 
IT-Ita Ig 
NL-the Metlier lands 
PT-Portugal 
ES-Spain 
GB-United Kingdom ! 
55-CEC 1 
is scroll, <ENTER> selects and <ESC> exits choice menu 
Active language: EN Current messaqe: D:\rfSSirGE.CIS\TESTftO01.S 
Fl: Help F7: Previous Field F8: Next field Flø: Save Esc: Quit 
Fig 54. Example of screen layout of the Coding­Decoding Software (CDS) 
In order to remain o p e r a t i o n a l , 
different levels of exercises between 
the CEC and the Member State 
contact points have been performed 
over the past year, to test various 
aspects of the emergency system: 
­ level 1 exercise: testing of communi­
cation, once every 3 months 
­ level 2 exercise: testing of commu­
nication and contact of radiological 
duty officer, once every 3 months 
­ level 3 exercise: simulation of a 
nuclear accident with exchange of 
radiological measurements between 
the contact points, once a year. 
ETEX tracer experiment 
The preparation of the experiment is 
proceeding without major difficulties, 
although a variety of practical pro­
blems had to be solved almost daily. 
Two dry­runs were carried out in April 
and December 1993. Both of them 
have indicated no major faults in 
communication. The results of the 
various modelling teams show grea­
ter differences than expected. The 
decision to postpone the date of the 
experiment to the fall of 1994 has 
been taken to allow for a more rela­
xed preparation and tuning of all the 
components of the project. 
Moreover, the delay has enriched the 
exper iment by a d d i n g aux i l i a ry 
measurements w h i c h we re not 
envisaged initially, such as airborne 
sampling and direct airborne measu­
rements. 
At present: 
­ the samplers for the central Euro­
pean countries (assembled by the 
Seibersdorf laboratory) have already 
been shipped to the contact points in 
the respective countries. A training 
session on their use will be made in 
Budapest during next March, 
­the samplers for Germany (modified 
TECORA samplers) have been 
assembled, and they are in the final 
testing stage. They will be transferred 
to the contact point during March 
1994. 
­ the samplers for the other destina­
tions (new JRC design) are at the final 
assembly stage and they wi l l be 
available for shipping at the end of 
March 1994. 
­ the sampling columns are being 
prepared. Several problems have 
been encountered in their manufac­
ture and clean­up. The procedure is 
now routine, and the preparation of 
the 10,000 columns required should 
be completed on schedule without 
major problems. 
­ the choice of the release site is 
under way. Missions to the candidate 
sites will be made in February 1994. 
Three types of ba l loons w i l l be 
launched by Swiss, French and 
Danish teams to follow the trajectory 
of the cloud in the short, medium and 
long range. 
­ the new release equipment (two 
units capable of releasing 1 0 g s ' of 
PFC each) will be available at the 
end of March 1994. 
­ new equipment for PFC analysis has 
been acquired and will be installed 
in February 1 9 9 4 . The designed 
pe r fo rmance of the ana l y t i ca l 
laboratory (with two sets of equip­
ment running ) is 800 analyses/day. 
The European Centre for the 
Validation of Alternative 
Methods (ECVAM) 
As was mentioned in the preceeding 
Annual Report, ECVAM was set up 
with the following duties: 
­ to coordinate the validation of alter­
native test methods at the Community 
level ; 
­ to act as a focal point for the ex­
change of information on the deve­
lopment of alternative test methods; 
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- to set up, maintain and manage a 
data base on alternative procedures; 
- to promote dialogue among legi-
slators, industries, biomedical scien-
tists, consumer organisations and 
animal welfare groups, with a view 
to the development, validation and 
international recognition of alternative 
test methods. 
In view of the above, ECVAM was 
located at Ispra, in order: 
- to use the technical infrastructure of 
the JRC; 
- to benefit from the multidisciplinar/ 
scientific support of the JRC; 
- to help expand theJRC's role in pre-
normative research. 
Current Validation Studies 
In 1993 , ECVAM entered its fully 
operative stage and was involved in 
seven p r e - v a l i d a t i o n / v a l i d a t i o n 
studies , namely: 
- An EU/UK international validation 
study on alternatives to the Draize 
eye irritancy test, which involves nine 
tests, 6 0 test materials, and 3 7 
laboratories in nine countries (7 in the 
EU, the USA and Japan). The primary 
aim of this study is to find non-animal 
methods or batteries of methods for 
identifying chemicals likely to cause 
severe i r r i ta t ion in the eye. In 
addition, it is hoped that progress 
will be made toward finding alter-
native methods for predicting lesser 
degrees of irr i tancy, at least for 
certain types of chemicals. 
- An EU international study on the 
inhibition of gap ¡unction intercellular 
communica t ion as a means of 
identifying tumour promoters. It is 
now widely accepted that carcino-
genesis is a multi-stage process, 
involving initiation, promotion and 
progression before tumour formation. 
Each of these stages is likely to be 
affected by genetic, life-style and 
environmental factors. One theory of 
tumour promot ion is that certain 
chemicals interfere with intercellular 
communication, thus facilitating the 
progression from transofrmation to 
tumour deve lopment . This study 
involves a method for identifying 
tumour promoters, based on their 
ability to inhibit the transfer of a dye 
injected into one cell into neigh-
bouring cells via channels involved in 
intercellular communitcat ion. Five 
laboratories, in France, Italy and 
S w e d e n , are test ing 16 c o d e d 
chemicals, (see Figg. 55 and 56) 
- Phase I of a COLIPA/EU interna-
tional study on in vitro tests for photo-
irritancy, which involves two main 
tests (a blood cell photohaemolysis 
method and a f ibroblast-l ike cell 
neutral red uptake method), plus a 
number of subsidiary methods (e.g. 
complement ac t iva t ion , hist idine 
pho toox ida t i on ) , six or seven 
laboratories, and 20 test materials. 
This pre-validation study was succes-
sful in that the 1 2 positive chemicals 
and the 8 negative chemicals were 
correctly identif ied. As a result, a 
formal validation study with 30 test 
mater ia ls is to be conduc ted in 
1994. 
- A Europe/USA international pre-
validation study on in vitro tests for 
skin corrosivity, which involved three 
tests (the skin resistance method, Skin2 
and CORROSITEX™), seven labora-
tories in the UK, France, Germany 
and the USA, and 50 test materials. 
The results were sufficiently encoura-
ging for a formal validation study to 
be planned for 1994-95. 
- An EU/FRAME international study 
on the use of a battery of in vitro tests 
for predicting acute lethal potency 
and for use in the classifying and 
labe l l i ng of chemica ls , wh ich 
principally involves the University of 
Kiel, Germany, and the University of 
Nott ingham, UK. More than 100 
basal cytotoxicity tests have been 
developed, for most of which no 
specific purpose has been defined. 
The aim of this study is to see whether 
a carefully-selected small battery of 
such tests could be used to classify 
and label chemica ls and as a 
prelude to more-sophisticated target 
organ toxicity studies. 
- An EU/FRAME international pre-
validation study on in vitro tests for 
neurotoxicity, which involves cell and 
organotypic culture methods, labora-
tories in the UK and Sweden, and 40 
test materials. A tier-testing strategy 
has been developed at the University 
of Hertfordshire, UK, which involves 
a step-wise progression from more-
simple to more-complex (and there-
fore more-expensive) testing methods. 
This study will assist with the future 
planning of similar studies on other 
types of toxicity. 
- A pre-validation study on the ECITTS 
a p p r o a c h to b iok inet ics and 
neurotoxicity testing. ECITTS is the 
ERGATT/CFN Integrated Toxicity 
Testing Scheme. One of the problems 
is using in vitro toxicity tests is that 
they lack the organ/system features 
which affect the uptake, distribution, 
metabolism and ex of chemicals in 
vivo. This study involves a combina-
tion of computer and in vitro systems 
and co l l abo ra t i on wi th RITOX, 
Utrecht, The Netherlands, and the 
University of Stockholm, Sweden. 
In addi t ion, the organisation of a 
series of ECVAM Workshops has 
been launched. The aim of these 
workshops is to invite such groups of 
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Fig 55. Comparison among times of exposure -3T3-L 
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Fig 56. Comparison among times of exposure - A3 1-1-I 
experts to provide state-of-the-art 
rev iews on se lec ted areas of 
practical in vitro toxicology, pharma-
c o l o g y and b i o l o g i c a i s and 
biomaterials testing, with particular 
emphasis on what further steps should 
be taken, in order to facilitate the 
emergence of relevant and reliable 
non-animal procedures for introduc-
tion into regulatory testing. A report 
on each workshop will be published 
in ATLA [Alternatives to Laboratory 
Animals). 
The first two workshops were held at 
Ispra and dea l t w i th the use of 
cultured hepatocytes (liver paren-
chymal cells) and the use of in vitro 
methods in phototoxicity testing. 
Also worth mentioning is the technical 
support provided within the frame-
work of Directive 8 6 / 6 0 9 EEC on 
the approximation of laws, regula-
tions and administrative provisions of 
the Member States regarding the 
p ro tec t ion of an imals used for 
exper imental and other scientif ic 
purposes. This support has concerned 
a number of issues confronting DGXI 
and the Competent 
Authorities in the Member States, 
i nc lud ing the humane k i l l ing of 
an ima ls , the use of non-human 
primates as laboratory animals, and 
ways in which statistics of animal use 
in the M e m b e r States shoud be 
collected, analysed and published. 
The European Chemicals 
B u r e a u (ECB) 
Following a Commission Communi-
ca t i on to the C o u n c i l and the 
European Parliament, the European 
Chemica l s Bureau (ECB) was 
established within the Environment 
Institute with effect from 1 January 
1993. 
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The principal task of the Bureau is to 
carry out and co -o rd ina te the 
scienti f ic/ technical work which is 
needed for the implementation of EC 
legislation (directives, regulations) in 
the area of chemicals control. 
Thus, the Bureau wi l l assume an 
increasingly important role in the 
assessment, management and con-
trol of risks which may be posed by 
new and existing chemical substan-
ces which circulate in the EU. 
This work signif ies a substantial 
extension of previous sc ient i f ic 
support activities for DG XI, which 
has, among other tasks, responsibility 
for EU leg is la t ion on chemica l 
substances. 
The main tasks of the Bureau include 
the following five major work areas: 
- Class i f icat ion and labe l l ing of 
dangerous substances (Direct ive 
6 7 / 5 4 8 / E E C and subsequent 
amendments/modifications). 
- Notification of new substances (6th 
and 7th Amendments of the Directive) 
- Testing methods (Annex V of the 
Directive) 
- Existing Chemicals (Council Regu-
lation N 7 9 3 / 9 3 ) 
- Expor t / Import Control (Counci l 
Regulation N 2 4 4 5 / 9 2 ) 
Additional and complementary tasks 
can be expected at later stages. 
Increasingly, meetings with national 
experts concerned with the implemen-
tation and management of EC legisla-
tion on chemical substances in the 
member states are organised and co-
ordinated by the Bureau at Ispra. 
Classification and Labelling 
Dangerous substances which are 
subject to classification and labelling 
requirements, are listed in Annex I of 
Directive 6 7 / 5 4 8 / E E C . This Annex 
has to be continuously adapted to 
technical progress in the light of new 
scientific information, as more sub-
stances are added to the list and as 
the Commission progressively eva-
luates the thousands of potentially 
hazardous chemical substance which 
are on the market in the EC. 
For instance, the Bureau is active in 
the classification and labelling of the 
fo l lowing subjects and substance 
groups: 
man maae minera fib res; 
- gases; 
- sensitizing substances; 
- substances dangerous for the 
environment; 
- carcinogenic, mutagenic and 
teratogenic compounds. 
EU Notification system for new 
chemicals and new chemicals 
database. 
The 6th Amendment of the Dange-
rous Substances Directive has introdu-
ced a legal requirement for the notif-
ication of new chemicals which are 
put on the European Market. In this 
context, the Bureau has to ensure the 
exchange of summary notification 
dossiers sent by the EU Member 
States. This will include the receipt of 
dossiers on diskette and on paper. 
Equally, the Bureau is also to be 
responsible for the exchange of 
summary notification dossiers with the 
EFTA countries within the context of 
the agreement on the ex tended 
European Economic Space. 
A feasibility study for the transfer of 
these activities from DG XI to the 
Bureau was comp le ted and the 
actual transfer is planned for 1 994 . 
All incoming dossiers wh ich are 
received on diskette, and any follow-
up information and updates, have to 
be d o w n - l o a d e d into the N e w 
Chemicals Database (NCD). The 
Bureau is responsible for the mainte-
nance, updating and management 
of the NCD. 
Fol lowing a mod i f i ca t ion of the 
polymer def in i t ion, the Bureau is 
processing submissions from indu-
stries with the aim of preparing the 
'List of No-longer Polymers' for the 
publication in the Official Journal of 
the EU. In addit ion, the Bureau is 
host ing expert meet ings on 
"polymers", "control measures" and 
"informatie aspects" of the notification 
system. 
Testing methods 
The Bureau also has to co-ordinate 
the deve lopment , upda t ing and 
adaptation to technical progress of 
the experimental testing methods 
which have to be applied to deter-
mine the properties of hazardous or 
dangerous chemicals. 
This work is per formed in co-
ordination with the OECD, in order 
to lay down testing methods which 
can be used worldwide and are also 
a c c e p t e d outs ide the EU. This 
includes the following activities: 
- organisation and evaluation of ring 
tests (example: Daphnia Reproduction 
Test); 
- co-ordination and approval of test 
methods at meetings with the EU 
national co-ordinators; 
- adaptation to technical progress; 
- liaison with the OECD (test guide-
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lulation; lines, programme); 
- Cooperat ion wi th the European 
Cent re for the V a l i d a t i o n of 2 years; 
Alternative Methods (ECVAM). 
regu._ 
for remaining HPV chemicals within 
Existing Chemicals Regulation 
EUCLID Database. 
The EUCLID (European Chemicals 
Information Database) data bank is 
the primary tool for the risk assess-
ment and management of existing 
chemicals in the European Union. 
The data are supplied in standard 
format in all nine EU languages on 
diskettes (Harmonised Electronic 
Dataset -HEDSET) (Fig. 57). 
Data are to be col lected in three 
phases: 
- for HPV chemicals (> 1,000 t y') in 
Annex 1 of the Regulation, within 1 
year of the tak ing ef fect of the 
- for chemicals in EINECS in the 
production range between 10 and 
1 0 0 0 t /v , within 5 years. 
A help-desk for HEDSET is operatio-
nal to assist industry in the installation 
and use of the HEDSET software. The 
help-desk is e q u i p p e d w i th an 
answering machine and a telefax 
machine. 
Most of the enquir ies deal t wi th 
configuration problems of the different 
PC systems in the companies. ECB 
staff give advice to re-configure the 
PCs used for HEDSET in the 
companies. Some questions on the 
classi f icat ion of substances were 
raised. 
Ques t ions of a po l i t i ca l nature 
concern ing the Regulat ion were 
Fig 57. HEDSET and EUCLID. Data collected with the HEDSETprogram will be 
loaded into the EUCLID database. 
forwarded to DG XI. 
In 1993, the help-desk received 123 
requests for assistance from 51 
d i f ferent c o m p a n i e s . Ca l ls for 
assistance came from companies in 
UK (25), D(24), I (24), F (12), B 
(10), NL (8), L (4), IRL (3), SP (1). 
Calls from non-EU countries came 
from the USA (8), Sweden (2), Israel 
(1) and Australia (1). 
At the end of 1 9 9 3 , 23 EUCLID 
software installations were operatio-
nal outside the ECB, i.e. in Industry 
(21 ), Competent Authorities ( 1 ) and 1 
installation currently under evaluation 
by the US EPA (Washington). 
The database contains the following 
chapters: 
- general information 
- physico-chemical data 
- environmental fate and pathways 
- ecotoxicity 
- toxicity 
As part of the data are of a proprie-
tary and confidential nature, EUCLID 
has to be installed and operated in 
spec ia l l y p ro tec ted (cont ro l led 
access, security surveyance and 
alarm system) security rooms. 
Priority Setting and Risk Assessment 
Based on the data col lected and 
stored in the EUCLID databank, the 
Bureau participates in the elaboration 
of harmonised procedures for priority 
setting and for the risk assessment of 
existing chemicals. In this context, the 
Bureau is responsible for producing 
a ranking of the high product ion 
volume chemicals (initially, the Annex 
I substances). This ranking forms the 
basis of the periodic priority lists. The 
ranking consists of several steps, 
namely: 
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EVALUATION OF CHEMICALS RISKS 
Data Collection 
Priority Setting 
Exposure 
Assessment 
Effects 
Assessment 
SAR 
Predicted 
environmental 
concentrations 
Predicted 
no effect 
concentrations 
Risk 
Factor 
Risk Management 
Fig 58. Flow scheme for chemicals risk assessment. 
- data extraction from EUCLID; 
- data selection as input to the 
ranking method; 
- the ranking; 
- filling of data gaps, where possible 
using validated QSAR; 
- an analysis of the ranking and data 
to provide insight and to avoid 
errors. 
This procedure is being developed 
by the Bureau in collaboration with 
and with advice from Member States, 
industry and several international 
organisations. 
Substances on the priority list are 
subject to a thorough risk assessment. 
This risk assessment will be carried 
out by the Member States following 
the principles laid down in the risk 
assessment regulation and using the 
guidance given in three technical 
guidance documents on risk assess-
ment. The Bureau is responsible for 
the completion of one of these gui-
d a n c e documents , namely, the 
document giving guidance on the use 
of QSAR within the risk assessment 
process. 
The various steps undertaken in the 
risk assessment process are illustrated 
in Fig. 58. 
Evaluation of Chemicals 
Risks 
Export/Import of dangerous 
ch emicais 
Starting from 1994, the Bureau will 
also be in charge of information 
exchange with the Member States, 
third countries and UNEP/FAO, and 
of the monitoring of the export or 
import of chemicals which are subject 
to restrictions in their use and appli-
cations because of their potential 
hazard (prior information consent). 
Quantitative Structure-Activity 
Relationships ¡QSAR) 
W i t h the increasing demand for 
reliable chemicals data, the applica-
tion of validated QSAR methods is 
acquiring a new significance. For 
instance, the risk assessment of the 
multitude of chemicals, which may 
present a threat to the environment 
and human health, requires such a 
wealth of chemical, physicochemical 
and t ox i co l og i ca l d a t a , that 
experimental capacities are and will 
for some time remain largely insuf-
ficient to satisfy every need. The 
critical application of QSAR may fill 
many of the existing data gaps. 
Thus, in the last decade, QSAR and 
SAR models have been developed 
and applied for the estimation of a 
broad range of chemical properties 
and biological activities. The first step 
involves the selection of a relevant 
training set with well documented 
data . Consequently, appropr ia te 
structural parameters, molecular 
descriptors or properties have to be 
chosen for the best available QSAR 
correlation. Based on a statistical 
analysis of the resulting data sets, the 
required model l ing or regression 
correlation can be derived. 
Based on these concepts, a computer 
p rogram was deve loped and 
installed for the clustering of a large 
number of structures. The algorithm is 
able to group sets of chemicals of the 
size of the EINECS inventory (more 
than 100,000 chemicals) into groups 
according to structural similarity. 
This program will be applied to the 
development of QSAR models in two 
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international collaboration projects in 
this field: 
- a project sponsored by DG XII with 
the aim of validating QSAR models 
for the predict ion of the fate and 
effects of chemicals in the environ-
ment, with participation of six labora-
tories from the EU and Sweden; 
- an extension of the EPA/EU colla-
bo ra t i ve QSAR pro jec t on new 
chemicals to exist ing chemicals , 
focusing on high production volume 
chemicals (Annex 1 of the Existing 
Chemicals Regulation). This project is 
co-ordinated by ECB. 
Based on the unique source of data 
on chemical substances provided by 
the chemical databanks managed by 
the Bureau (EUCLID and N e w 
Chemicals Database), the Bureau is 
in a central position to exploit and 
v a l i d a t e QSAR models for 
environmental chemicals in close 
collaboration with expert laboratories 
in the Member States. 
A lso , p repa ra to r y work for the 
International Workshop on QSAR in 
Environmental Sciences 1994 is pro-
gressing according to the planned 
time-scale. 
Once the Bureau is fully operative, 
the actual range of work areas could 
be gradual ly extended to include 
scientific and technical support in 
relation to other pieces of legislation 
on chemicals, e.g. on: 
- biocides; 
- plant protection products; 
- preparations; 
- consumer products. 
This expansion may eventually lead 
to the participation of other DGs in 
the work of the Bureau. 
In this future, the Bureau will have to 
collaborate on a technical-scientific 
level with the EFTA (European Free 
Trade Association) countries for the 
notification of new chemicals and risk 
assessment of existing substances, 
with OECD for test guidelines and 
existing chemicals evaluation, with 
UNEP/FAO (United Nation Environ-
ment Programme/Food & Agricultural 
Organisation) for the export/ import 
cont ro l of cer ta in dangerous or 
rest r ic ted substances; w i t h EPA 
(Environment Protection Agency) for 
QSAR and ex is t ing chemica ls 
evaluat ion. Also, the Bureau can 
provide technical assistance in the 
f ie ld of chemicals contro l to the 
responsible authorities for countries in 
the process of entering the Commu-
nity or accepting EC legislation on 
chemical substances. 
OTHER MISCELLANEOUS 
CONTRIBUTIONS 
DG III (Internal Market and 
Industrial Affairs) 
The scientific and technical support 
provided to DG III has concerned 
two major items, namely, the Euro-
pean Pharmaceut ical Data Bank 
(ECPHIN) and the chemical products 
and food. 
ECPHIN 
The ECPHIN project was launched 
with the original objective of achie-
ving a system capable of addressing 
the following problems: 
- Increase transparency in the phar-
maceu t i ca l market , in order to 
ach ieve cost conta inment in the 
health sector and to reduce the 
distortions in the intra-EEC trade of 
medicinal products. 
- Eliminate disparities in the presen-
tation of technical information on 
med ic ines a m o n g the M e m b e r 
States. 
- Provide the documentation neces-
sary for the management of existing 
EEC procedures for the authorisation 
of new medicines. 
- Provide an information repository for 
pharmacovigilance documents which 
could play the role of source and 
dissemination method for side-effects, 
restrictions on indications or with-
drawals of medicinal products throu-
ghout the Community. 
- Provide the processing tools neces-
sary for elaborat ing a Community 
repertory of drugs available in the 
EEC. 
At the very beginning of the project, 
i.e. during the pre-analysis phase, it 
was supposed that DG IX informatie 
services would have provided the 
necessary mainframe and telecommu-
n ica t ion systems to support the 
ECPHIN data bank. This assumption 
was rapid ly abandoned and JRC 
became, in addit ion to the system 
developer, also the host services and 
telecommunication provider. 
The database design developed for 
the feasibi l i ty study was strongly 
affected by the specific software tool 
selected for implementat ion, i.e. 
Adabas-Natu ra l on a mainframe 
system. From an a posteriori analysis, 
the systematic inattention during the 
feasibility, phase I and phase II of the 
ECPHIN project for the needs to 
establish a credible data life-cycle is 
cer ta in ly the major concep tua l 
drawback of this project. The imple-
mentation which emerged at the end 
of phase II restrict the representation 
of a medicinal product within 3 1 
information items organised in a 
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hierarchical data model. The imple-
mentation in Adabas-Natural at this 
stage results basic both for what the 
data set available and the retrieval 
system p rov ided to users are 
concerned. 
In the meantime the context of the 
regulatory and control activity in the 
Community regard ing medic ina l 
products has changed significantly 
during the past five years. 
The creation of the European Agency 
for the Evaluat ion of M e d i c i n a l 
Products (EMEA), with the related 
problem of data and information 
exchange among the na t iona l 
authorities, the Commission and the 
EMEA itself, certainly represents a 
major development with implication 
for all the information and communi-
cation projects in this field. The need 
for data / information exchange and 
communica t ion is at present a 
predominant requirement, which is 
endorsed by the Commission pro-
grammes on telecommunication with 
par t icu lar re ference to the IDA 
programme (Interchange of Data 
between Administrations) activity in 
relat ion to med ic ina l p roducts . 
Despite the poor techn ica l and 
conceptual conditions in mid -1993, 
significant work was done on the 
codi f icat ion process for route of 
administration, pharmaceutical form 
and packaging. 
The main development with respect to 
the ECPHIN system is the introduction 
of the concept of distributed systems. 
This concept results in a more natural 
co-opera t ion model among the 
par t i c ipan t o rgan isa t i ons . The 
ECPHIN had achieved by the end of 
1993, significant progress of results 
wh ich can be summar ized as 
follows: 
- Development of a new and more 
comprehensive data model based on 
the relational theory, offering the 
advantage of gradual extention of the 
information components and files 
maintenance. 
- Extension of the information domain 
to SPC, in order to handle technico-
scientific information in two stages, a 
first stage with SPC loosely asso-
ciated with the rest of the relational 
model, and a second stage with a 
more comprehensive integration. 
- Updating of the system with a new 
data set related to the end of 1993 
or the beg inn ing of 1 9 9 4 . The 
updating exercise was intended not 
only to take in more-recent data, but 
also to study the technical characte-
ristics of the data supplied by the 
Member States, in order to develop a 
consistent set of program-mes for the 
efficient processing of these data. 
- Value addition to the available data 
by implementing codification and by 
setting up a consistent nomenclature 
system based on CAS numbers. In 
addition, a more accurate implemen-
tat ion of the ATC (Anaton ica l 
Therapeutical Code) codes has been 
introduced. 
- Study of the problems related to the 
establishment of a viable data life-
cycle for ECPHIN, which could be 
suppor ted by the pa r t i c ipan t 
authorities. This will be based on the 
genera t ion of common benefi ts 
deriving from the principle that the 
accumulation of information is not a 
linear problem. 
- Study, development and experi-
mentation related to intercommu-
nication, access and dissemination 
systems c a p a b l e of de l i ve r ing 
ECPHIN information and user co-
operation all over the Community, in 
a style consistent with the currently 
available technologies. The traditio-
nal host-terminal communicat ion 
protocols wil l still be involved, but 
they no longer represent the 
necessary communication standard. 
ECPHIN wil l support a full client-
server structure converging over time 
on a proper OSI set of communica-
tion protocols . 
- Design and implementat ion of 
powerful user interfaces for both 
retrieval and data processing, taking 
advantage of the avai lable client-
server structure. 
Chemical products and food 
The following activities are worth of 
mention: 
- Participation as the EC laboratory 
in the act iv i ty of the C E N / T C 
3 8 / W 6 1 2 "Creosote" , charged 
with developing official standards for 
methods of sampling and analysis of 
creosote and creosoted timber. Four 
standards for sampl ing creosote 
timber, the extraction of creosote from 
the sample, the analysis, determina-
tion of the benzo[a]pyrene content of 
creosote, and determination of the 
water-so lub le phenol content of 
creosote. The El plays an active part 
in the interlaboratory tests (analysis 
and statistical evaluation), in order to 
determine the repeatab i l i t y and 
reproducibil i ty of the methods for 
measur ing b e n z o [ a ] p y r e n e and 
water soluble phenol content. 
- The collection of food analytical 
methods, also including detection 
limits, repeatability and reproduci-
bility, has been started, in order to 
comply wi th the request of the 
Member States concerning the need 
for comparison or harmonisation of the 
various analytical methods for food. 
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- The sample preparation procedure 
of the EEC method concerning the 
analysis of biphenyls in citrus fruits 
peels was evaluated. A very simple 
method for sample p r e p a r a t i o n , 
without concentration of the biphenyl 
extract in vacuum (evaporation leads 
to loss of the b ipheny l ) , was 
developed. 
A comprehens ive survey of the 
l i terature conce rn i ng a n a l y t i c a l 
methods for proof of authenticity or 
adulteration of vanilla extracts was 
p r e p a r e d . Extracts from van i l l a 
capsules from different origins and 
commercia l vani l la extracts were 
analysed by various chromatogra-
phic methods, a lso using ch i ra l 
column phases. A new method (SFE) 
for extracting vanillin from sugars 
was d e v e l o p e d . Scient i f ic and 
technical support has been provided 
for various DG III needs (control of 
food dyestuff, analytical procedures, 
etc.). 
D G V I (Agricul ture) 
The agreement between DG VI and 
the El concerns two main activities 
relating to dairy products and wine. 
In the field of dairy products, the 
fol lowing major achievement are 
worth mentioning: 
Detection of cow's milk in ewe's and 
goat's milk cheeses 
Participation in seven collaborative 
trials regarding the validation of the 
EC re ference method for the 
detection of cow's milk in cheeses 
prepared from mixtures of goat's and 
ewe's milk: 5 0 samples were investi-
gated. This study will be extended to 
cheeses prepared from mixtures of 
goat's, ewe's and buffalo's milk. This 
method, based on the detection of 
gamma 2 and gamma 3 caseins, is 
suitable for differentiating the caseins 
of cow 's milk and milks of other 
origins (goat's and ewe's milk). The 
results obtained in three collaborative 
trials concerning the detection of 
whey proteins in samples of cheeses 
made from mixtures of ewe's and 
goat's milk with added UHT cow's 
milk or heat denatured bovine whey 
protein, are not yet satisfactory. 
Heat treatment of milk 
Research was conduc ted on 
chemical indicators for evaluating the 
heat treatment of milk by means of 
the whey proteins a-lactoalbumine 
and ß-lactoglobuline. Participation 
continued in collaborative trials re-
g a r d i n g pasteur ised and h igh 
pasteurised milks. Reverse-phase 
HPLC is suitable for differentiating 
these two types of heat treatment 
applied to milk. The limit values of ß-
lactoglobuline, proposed by DG VI, 
associated with the negativi ty or 
positivity of the enzyme peroxidase, 
will permit the classification of these 
two types of milk and their distinction 
from sterilised milks. 
Determination of furosine in milk and 
dairy products 
Furosine is analysed by ion-pair 
reversed-phase HPLC in a c i d -
hydrolysed dairy products. The level 
of furosine in heat-treated foods is 
re la ted both to p rocess ing and 
storage conditions, and may repre-
sent a suitable indicator of the quality 
of dairy products. Moreover, on the 
basis of the furosine value, it seems 
possible to detect very low levels of 
milk powder both in raw and pasteu-
rised milk. This method, proposed by 
Prof. Resmini, will be studied by the 
Chemists Group of DG VI for "Milk 
and Dairy Products". 
Repartition of cholesterol in industrial 
dairy products chain 
The distribution of cholesterol in milk 
and dairy products has been investi-
gated; a constant increase of chole-
sterol in milk fat as a result of skim-
ming and heat treatment of milk, has 
been observed. 
During the cheese-making process, 
the cholesterol level increases in the 
whey, reaching double the concen-
tration in ricotta cheese; the butter 
ob ta i ned from separa ted cream 
contains a lower amount of chole-
sterol than the butter obtained from 
whey. 
Non-milk fat in butter 
A comparat ive study of the data 
obtained by two GC methods for the 
de te rm ina t i on of the fatty a c i d 
composi t ion and the t r ig lycer ide 
content of pure and adulterated butter 
samples has been performed. 
The establishment of a data bank for 
butter purity control is under way. 
Wine 
As far as wine is concerned, scientific 
support has continued in applying the 
NMR technique to the control of the 
o r ig in of e thanol present in the 
following samples: 
- wines, spirits and alcohols produ-
ced by distillation of surplus wine, 
denatured ethanol added to gaso-
line, etc., sent by DG VI inspec-tors 
or by official national organisations; 
- wines for the European data bank, 
sent by the Member States not yet 
fully equipped for this kind of control; 
- validation by the JRC laboratory of 
10% of all the wines sent by the 
Member States for the European 
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data bank; 
- participation in the interlaboratory 
campaign launched by the ad hoc 
ISO Working Group to establish the 
origin of the sugars present in some 
citrus fruit juices (after fermentation). 
The NMR measurements, and all the 
other information required by EC 
regulations N. 2 3 4 7 and 2 3 4 8 / 9 1 , 
for European wines produced in the 
1991 vintage, have been received 
from the official laboratories of the 
wine-producing Member States. The 
storage of all these data, including 
the JRC pertinent validation results, in 
the future European wine data bank, 
will be achieved at the beginning of 
next year. The first software version of 
this da ta bank (in six d i f ferent 
languages) will be distributed to the 
official Community laboratories. 
A second NMR spectrometer was 
installed in October 1993, to deal 
wi th the increas ing number of 
samples to be analysed. A new mass 
spectrometer, specially equipped to 
perform the analysis of natural isoto-
pes in foods or beverages, will be 
installed at the beginning of the next 
year. 
The evaluation of an interlaboratory 
study to evaluate the performance of 
a method for the NMR analysis of 
samples of wine and ethanol has 
been car r ied out; 17 European 
laboratories participated in this study. 
In agreement w i th DG VI, "The 
European office of wine, spirits and 
alcoholic drinks" has been officially 
established at the JRC Ispra (EC 
Approva l C O M (93) 3 6 0 , 16 
September 1993). 
All these activities involved the active 
participation of the National Experts 
at EC meetings organised by DG VI. 
D G X I I (Scientific A f fa i rs , 
Research a n d 
Development) 
Sixth European Symposium "Physico-
Chemical Behaviour of Atmospheric 
Pollutants", Varese 18-22 October 
1993. 
The Sixth European Symposium on 
"Physico-Chemical Behaviour of 
Atmospheric Pollutants" was held in 
Varese, at the Congress Centre Villa 
Ponti, from October 1 8th to 22nd, 
1993. 
As in the past - the first one was held 
in 1 9 7 9 in Ispra, - the symposium 
was jointly organised by the El and 
DG XII (Unit D - Environmental 
Technologies). 
The main objective of the symposium 
was to review the current status of the 
research wh i ch is part of the 
Concerted Action in "Atmospheric 
Chemistry". This task now appears 
rather well accomplished, since over 
1 80 contributions (6 from the Institute) 
were presented in oral and poster 
sessions, to an audience of more 
than 240 scientists from 19 countries. 
As for past symposia, the meeting 
was an opportunity for initiating and 
strengthening collaboration among 
laboratories: an objective certainly as 
important to the CEC as that of 
reviewing the status of the research. 
The proceedings will be published as 
Air Pollution Research Reports, in the 
first half of 1994. 
D G X V I I (Energy) 
ECSAM 
In the context of the ECSAM support 
to DG XVII, accurate and precise 
Potentiometrie determinat ions of 
uranium have been performed in 
about 6 0 U 0 2 1 U F 4 powder and 
pellet samples. Furthermore, technical 
support has been provided for the 
maintenance of the transportable 
mass spectrometers. 
CPS (Consumer Policy 
Service) 
Due to the transfer to the IRMM 
(Geel) of the greater part of the 
activity concerning the agreement 
be tween the JRC and CPS, the 
Institute's activity has been focused on 
selected topics, as follows: 
Microbiological control of cosmetics 
Some categories of cosmetics, such 
as shampoos and toothpastes, have 
been investigated. 
The samples were collected from 
shops and markets in several coun-
tries of the European Union (Ger-
many, France, Spain, Portugal, Great 
Britain, Ireland, Belgium, Nether-
lands, Luxembourg, Denmark), and 
analysed for: 
- Total aerobic microbial counts; 
- Search for and isolation of microbial 
species potentially pathogenic in man; 
- Search for and isolation of bacterial 
species which are reliable indicators 
of faecal contamination. 
An overall evaluation of the results 
obtained, revealed a persistence of 
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mycetic strains in products retained 
for a long time before use. Therefore, 
the preservatives contained in the 
cosmetic products examined, can be 
supposed to have chiefly an anti­
bacterial property. Moreover, the 
possible microbial contamination of 
the cosmetic formulations confirmed 
the nature of the problem. 
Determination of α­quartz and fibrous 
asbestos in cosmetic talc 
Within the framework of the analy­
tical methodologies for cosmetic talc, 
1 5 body talc samples were collected 
from var ious European countr ies 
(England, Germany, Italy, France, 
Switzer land, The Netherlands). A 
structural and elemental characteri­
sation was carried out using different 
techniques (phase­contrast opt ical 
microscopy, X­ray spectroscopy, X­ray 
diffraction and elemental analysis). 
Methods have been developed for 
the quantitative determination of the 
hazardous compounds tremolite and 
a­quartz. 
Furthermore, the detection limit using 
the X­ray diffraction method for the 
asbestos minera l t remol i te was 
establ ished. Although there were 
remarkable differences in structural 
and elemental composition between 
the talc samples, no de tec tab le 
amount of the hazardous f ibrous 
asbestos mineral, tremolite, were 
detected. Concerning α­quartz, the 
detected concentrations are relatively 
low, so the consumer is not exposed 
to any risk of silicosis. 
Identification of chemical compounds 
In the autumn of 1 9 9 3 , the CPS 
asked the ECB to examine the 
identification of a set of chemical 
compounds identified by chemicals 
names, CA Registry Numbers and/or 
EINECS numbers. The compounds 
are c a n d i d a t e s for a list of 
ingredients in cosmetics. An auto­
matic check identified some errors in 
the numbers suppl ied and in the 
pa i r ing of these numbers, and a 
manual control also highlighted errors 
in the pairing of names and numbers. 
The complete list contains more than 
6 , 0 0 0 compounds, and it was not 
intended to make a throughout chech 
of the complete file, but only to give 
an indication to the CPS of the types 
of p rob lems present in the 
compilation. 
Product analysed 
Maize 
Chopped maize 
Straw 
Cotton seed 
Total 
Total sampes 
analysed 
97 
95 
109 
77 
3 7 8 
Positive 
30 
33 
34 
19 
116 
% 
30.9 
34.7 
31.2 
24.7 
30.7 
Table 18. Research of mycotoxins ¡aflatoxins, zearalenone, ochratoxinsj in 
animal feeds. 
Microbiological control of food 
A study was carried out of products 
intended for animal consumption, to 
confirm the results obtained previously 
concerning contamination by aflato­
xins. Other agricultural products and 
meat represent the largest proportion 
of human food intake. 
In the present research, in addition to 
the detection of the most important 
aflatoxins ( B l , B2, G l , G2), other 
categories of mycotoxins (ochratoxins 
and zearalenone) were taken into 
consideration. Table 18 shows an 
overa l l p ic ture of the research 
performed. The various kinds of pro­
ducts analysed are reported (maize, 
chopped maize, straw, cotton seed) 
and, for each of them, the number 
and the pe rcen tage of p roduct 
batches positive in terms of aflatoxins, 
ochra tox ins or zea ra lenone are 
emphasised. Some of the above­
mentioned toxins were identified in a 
survey of 1 1 6 product batches. 
Table 19 specifies the number and 
the pe rcen tage of the ana lysed 
product batches in which the various 
kinds of micotoxins were identified. It 
must be emphasised that several 
batches were simultaneously positive 
for a f l a tox ins , zea ra l enone or 
ochratoxins. Micotoxin concentrations 
higher than the limit values laid down 
by laws we re found only in 2 2 
samples, representing 5.8% of the 
total examined (378 ­ Table 1 8) This 
finding has, however, only a relative 
significance, when the particular type 
of chronic intoxication to which the 
micotoxins give rise, with the wide 
range of possible accumulations in 
human and animal tissues, is consi­
dered. 
Fumosins represent another group of 
dangerous mycotoxins, as was only 
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Category of toxins 
Aflatoxins (B l , B2, G l ,G2) 
Zearalenone 
Ochratoxins 
Number of 
samples 
108 
45 
18 
% of positive 
samples 
28.6 
1 1.9 
4.8 
Table 19. Product batches positives for each category of the mycotoxins. 
recently recognised; their characteri-
stics have been investigated. 
A study of the characteristics of drug-
resistance of strains of Listeria 
monocytogenes was also carried out. 
The bacter ia l strains have been 
isolated from different kinds of foods 
(milk, soft cheese, meat, vegetables). 
The identification of the strains and 
the detection of their drug-resistance 
were performed using the automi-
crobic system Vitek. The results of our 
investigation showed that strains of 
Listeria monocytogenes were able to 
grow while in contact with several 
antibiotics. This evidence of drug-
resistance increases concern about 
the serious consequences of Listeriosis 
for man. 
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3. Exploratory Research 
Four projects have been developed 
within the context of Exploratory 
Research, namely: 
­ Absolute Chemicals Analysis by La­
ser Methods; 
­ Surface Enhanced Raman Scattering 
(SERS) as a New Analytical and Dia­
gnostic Tool for Atmospheric Chemi­
stry; 
­ Advanced Separation Techniques; 
­ Development of an Atmospheric 
Aerosol Tracer. 
Apart from the second project which 
is aimed at studying the feasibility of 
ut i l iz ing the recent ly­d iscovered 
Surface Enhanced Raman Scattering 
process for the characterisation and 
quantitative measurement of atmo­
spheric aerosols the other projects 
are the continuation or the result of 
former projects whose aims were 
described in previous Annual Reports. 
To summarize, through the first pro­
ject, the feasibility of an absolute 
method of analysis of molecular and 
atomic species by means of innova­
tive laser­based technologies, were 
theoret ica l ly and exper imenta l ly 
addressed. 
Advanced Separat ion Tecniques 
were used to explore the possibility of 
analytical refinements to improve the 
quality and the specificity of environ­
mental analysis through highly sophi­
sticated separation techniques. The 
problem of tracing atmospheric aero­
sols for pollutant diffusion and tran­
sport studies was tackled in the fourth 
project, the use of chemiluminescent 
substances be ing the a p p r o a c h 
investigated. 
Absolute Chemical Analysis 
by Laser Methods 
In the previous Annual Report, the 
major emphasis was placed on the 
attractive possibility of time­resolving 
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Fig.59. Simplified schematic diagram for the absolute detection of Laser 
Induced Ionization ¡LEI) pulses of sodium atoms in the air­acetylene flame. To 
preserve the temporal characteristics of the current waveform, the signal is fed 
into a wide band pre­amplifier ¡300 MHz) directly connected to a fast digital 
oscilloscope. The stray capacitance, Cs, of the overall circuit limits the maximum 
voltage developed. 
the fluorescence signal during the 
laser excitation pulse. In this way, it 
was possible to understand and tame 
the interaction between the atomic 
system and the radiat ion and to 
prove that, under saturated condi­
tions, the fluorescence signal was 
stable, even in the presence of strong 
fluctuations of laser intensity. Such 
condi t ions are essential, if one 
wants to apply the technique to the 
concept of absolute analysis. 
As an attractive alternative approach 
to fluorescence, it was also argued 
that the ionization technique would 
be even better than the fluorescence 
method as a potent ial absolute 
method of chemical analysis. In fact, 
p rov ided that 100% ion iza t ion 
efficiency could be reached during 
the interaction, i.e. during a very 
short excitation pulse, the measure­
ment of charges can be calibrated 
much more easi ly then by the 
measurement of photons. When this 
were achieved, one could speak of 
"absolute cou lometry" . The real 
challenge here would be to demon­
strate the unity ionization efficiency 
on a time­scale of several nanose­
conds (which is t yp ica l of the 
employed excimer­pumped dye laser 
pulse). By careful control of the 
l imit ing noise in the experiment, 
consisting of a flame, an immersed 
electrode and a fast detection system, 
it was possible to show for the first 
time that sodium atoms could be ioni­
zed completely, in about 15 ns, by 
means of a two­ step excitation provi­
ded by two dye lasers tuned at allo­
wed transitions in the visible range. 
The experimental set­up is shown in 
Fig. 5 9 . Particular care had to be 
taken, in order to minimize the radio­
frequency pick­up from the firing of 
the excimer laser, which is severe, 
due to the necessity of using a wide 
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Time, 5 ns/div 
Fig.60. Ionization waveforms ¡the signals are negative) showing the time 
resolution of the overall detection system and the extremei/ high sensitivity of the 
technique. The number density of sodium atoms in the cases shown ¡unseeded 
flame or just pure water aspirated) is less than 108 atoms per cubic centimeter. 
electrical bandwith of the detection 
electronics. In Fig. 60 , both the high 
sensitivity of the technique as well as 
the demonstration of a unity ion yield 
are i l lust rated. The only sodium 
present here is either due to contami-
nation or that present in the pure 
water. The signal reaches its maxi-
mum value wel l within the 15 ns 
duration of the excitation pulse, indi-
cating an ionization rate greater than 
0.3 GHz. In order to emphasize the 
capability of our system to distinguish 
between different ionization rates, 
Fig. 61 shows three rise times in 
which the ionizat ion eff iciency is 
purposely varied by decreasing the 
laser intensity, either by inserting 
neutral density filters in front of the 
beam or by defocussing it into the 
flame. 
These results represent the most direct 
experimental p'oof that the ionization 
method actual ly works. From the 
experience obtained with both the 
fluorescence and ionization techni-
ques, it can be safely concluded that 
the most difficult step in the successful 
application of the concept of abso-
lute chemical analysis by laser spec-
troscopy lies in the accurate know-
ledge of the efficiency of formation of 
free atoms in the vapour phase rather 
than in understanding the interaction 
between the atoms and the exciting 
radiation. 
As a corollary to this research, the 
exper ience ga ined by the use of 
several commercial dye lasers has 
led to the design of a novel, simple 
and efficient dye laser, which can be 
pumped by an excimer or by a Nd-
YAG laser. The major advantage of 
this new design is that it minimizes 
the amount of ASE (Amp l i f i ed 
Spontaneous Emission), which is 
detrimental to the correct functioning 
of the laser, and nevertheless is 
present in'the output of all pulsed, 
high-gain dye lasers. The ASE is due 
to the amplification of the photons 
spontaneously emitted in the oscil-
lator cavity, since the oscillator and 
the amplifier share the same propa-
gation direction of the laser output. In 
our configuration (Fig. 62), the oscil-
lator axis is spatially separated from 
that of the amplifier: in this case, only 
the radiat ion which has already 
been spectrally filtered by the dif-
fraction grating can be ampl i f ied. 
The laser, which was tested with a 
XeCI excimer pump, is characterized 
by a conversion efficiency greater 
than 10% and a spectral bandwith of 
about 3 cm1: it is therefore suitable 
for the excitation and ionization of 
several atomic and molecular species. 
Surface Enhanced Raman 
Scattering as a N e w 
Analytical and Diagnostic 
Tool for Atmospheric 
Chemistry 
Spontaneous Raman Spectroscopy 
has been widely used in the past as 
a means of detecting and charac-
terizing atmospheric aerosols, such 
as sulphates and nitrates, due to the 
inherent capability of the technique to 
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Time, 5 ns/div 
Fig.61. Experimentally observed rise times ¡negative) for three limiting 
ionization rates: ¡a) Na= 0.5 ppm, laser unfocussed, second step intensity 
decreased by 2,000 times; ¡b) pure water, laser focussed, second step at 
medium intensity; ¡c) water, laser focussed, second step at full intensity. A clear 
difference in the rise times is observed and resolved. 
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quant i fy , as we l l as chemica l l y 
identify, the scattering molecules. The 
major disadvantage of this method 
lies in its low scattering cross sec-
tion, which limits the sensitivity attai-
nable. The recent discovery of the 
Surface Enhanced Raman Scattering 
(SERS) effect, which occurs when the 
molecules are adsorbed on colloidal 
Ag, Au or Cu surfaces, has led to a 
significant increase in sensitivity (e.g. 
enabling the detection of submono-
layers of adsorbates) due to an 
enhancement of up to six orders of 
magnitude of the scattering cross 
section. 
The assembling of the basic infrastruc-
ture for the application of SERS to 
tropospheric aerosol chemistry has 
been undertaken. Fig. 63 illustrates 
our experimental set-up. As shown, 
the main focus of our research will be 
on species involved in the atmo-
spheric sulphur cycle, H2SOj, and 
DMS. Since the understanding of the 
surface effect w i l l eventual ly 
determine the analytical and diagno-
stic potential of the technique, a 
major effort is now devoted to the 
preparation of the silver substrate, 
which has to satisfy the requisites of 
ease of use and reproducibility of 
preparation, long term stability and 
adap ta t i on to aerosol sampl ing 
equipment. Chemical reduction of 
metal salts is one of the most popular 
preparation method. In addition, a 
Fig. 62. Essential schematics of the 
novel dye laser design described in 
the text. The pumping power, as 
usual, is split between the oscillator 
and the amplifier. The two 
geometrically separated paths for the 
oscillator and amplifier beams are 
clearly seen. 
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Fig.63. Schematic diagram of our Multichannel Raman Spectrometer based on 
the use of CCD (Charge Coupled Devices) as array detectors. The 
experimental facility is used for the application of the Surface Enhanced Raman 
Scattering technique ¡SERS) to the characterization and detection of aerosols. 
recently described procedure based 
on the direct ablation of the metal by 
a laser will be investigated. In this 
way, the DMS aerosol and the Ag 
co l lo id produced in the ab lat ion 
process could be mixed on l ine, 
whi le probing the resulting stream 
with the Ar-ion laser. 
Advanced Separation 
Techniques 
The matrix influence on the analysis 
of small oligoribonucleotides by fast 
atom bombardment mass spectro-
metry (FAB-MS) has been studied. 
The cho i ce of the matr ix has a 
decisive influence on the absolute 
sensitivity in FAB-MS. The surface 
activity of the analyte in the matrix is 
a system parameter and has to be 
optimised to give the best sensitivity 
for a given class of compounds. 
Although glycerol is the standard 
matrix for FAB-MS, a variety of other 
compounds have been employed. 
Glycerol, thioglycerol and triethano-
lamine are used as matrices for the 
analysis of RNA by FAB-MS, but 
there is no comparative work about 
matrix selection for these specific ana-
lytes in the literature. The complete 
analysis of RNA strands by mass 
spectrometry requires the determina-
tion of both the molecular weight and 
the sequence. Both can be determi-
ned by using FAB-MS. Of all matrices 
tested, diethanolamine proves to be 
the best choice for the analysis of 
these components in negative ion 
FAB-MS and a l l ows for ana ly te 
concentrations in the low nanomole 
range. The ribonucleotide heptamer 
repor ted in F ig . 6 4 shows the 
present limit of the method. Not all 
sequence ions a p p e a r , and the 
signal/noise ratio for the upper mass 
range is hardly acceptab le . Two 
different series of sequence ions are 
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Fig.64. RNA heptamer 6.8x10Ç mol μ!' Δ 0.5 OD ¡260 nm). 
predominantly present in FAB­MS 
analyses: 3'­sequence ions with a 
phosphate group at the 3'­terminus, 
indicating a sequence in the 5 ' ­>3 ' 
direction w „ , and 5'­sequence ions 
with a phosphate group at the 5'­
terminus, indicating a sequence in the 
3' ­> 5' direction, called d„. The less­
intense fragments, resulting from P­O 
bond breakage, are called bn in the 
5' —>3' direction ­and y„ in 3'—> 5'­
direction. The numerical subscript gi­
ves the position in the sequence. The 
nominal masses of the measured 
fragments are shown. Sequence ions 
are w2 651 m/z, w3 9 5 6 m/z, w4 
1261 m/z, w5 1567 m/z, d2 691 
m /z , d3 9 9 7 m /z and d4 1,302 
m/z. Since the bond involving the 3'­
o atom, connected to a secondary 
carbon of the sugar moiety, is more 
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Fig.65. Electrospray ionisation source schematic. 
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Fig.67. Transformed mass spectrum of Lysozyme ¡RMM = 14305) 
labile then the one involving the 5'­
a tom, connec ted to the pr imary 
carbon of the sugar, the 5'­sequence 
ions are expected to be more intense 
than the corresponding 3'­sequence 
ions. Exact mass calibration is achie­
ved by using a gold­plated tip on the 
FAB probe and measuring the signals 
of the sputtered gold clusters. These 
ions are readily formed by bombar­
dment of the probe t ip wi th fast 
Xenon atoms. The asterisks in Fig. 64 
mark the g o l d clusters used as 
calibration ions. 
The instrument used for these 
experiments is a high resolution mass 
spectrometer with forward geometry 
and high field magnet allowing for a 
mass range up to 3 ,000 a.m.u. at 
8kV accelerating voltage. Of course 
large nucleic acids require a much 
higher mass range. One of the possi­
bilities taken into consideration for the 
analysis of ions of nominal masses 
up to 100 ,000 a.m.u., is the use of 
an electrospray ion source. Fig. 65 
shows a schematic representation of 
the prototype electrospray ion source 
that has been installed on a double 
focus ing magne t i c sector mass 
spectrometer. Electrospray MS can 
be appl ied to the determination of 
the relative molecular mass of large 
molecules, because of the tendency 
for mul t ip le c h a r g e d ions to be 
formed. Mass spectrometers analyse 
mass­to­charge (m/z) ratio and, for 
e x a m p l e , a molecu le of R M M 
30 ,000 having 20 charges gives a 
peak near m/z 1500. In Figure 6 6 , 
the first spectrum resulting from the 
prototype electrospray is reported, 
showing multiple charged ions of 
lysozyme, a prote in of ave rage 
molecular weight (14,305). Initially, 
electrospray data were presented as 
in F ig .66 as a series of multiple 
charged ions and a textual output of 
the actual average molecular mass. 
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Fig.68. Schematic representation of a membrane process where the feed stream 
has been separated into a concentrate and a permeate streams. 
However, transformation software 
now exists that presents the data as a 
reconstructed mass spectrum, as if the 
sample had yielded a singly-charged 
molecular ¡on. Such a transformed 
spectrum is given in Fig.67. 
Future improvements of the electro-
spray source ion optics will allow for 
lower detection limits down to the 
picomole range for molecule as large 
as entire t-RNA's. 
The Application of Crossflow 
Membrane Techniques in the 
Treatment of Wastewaters 
With the future need to safeguard the 
quality of freshwater supplies and 
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Fig.69. Ultrafiltration Plant Flow Diagram. 
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reduce fresh water usage by the 
introduction of reclamation schemes, 
the control of wastewater discharges 
wil l become of great importance. 
Many water pollutants resist degra-
dation by the self-purification proces-
ses of the water environment as well 
as the controlled environment of the 
convent ional b io log ica l treatment 
systems, and eventually find their way 
into drinking water supplies. 
In the membrane process application 
in wastewater treatment, the waste-
feed is separated into a stream that 
goes through the membrane, the 
permeate (mainly water ) , and a 
fraction of feed that does not go 
through the membrane, the concen-
trate, containing most of the undesi-
rable components (Fig.68). 
Membrane processes are rather new 
as methods of separation, and were 
not considered as technically impor-
tant for separation until 25 years 
ago. Today, membrane processes 
are used for a wide range of appli-
cations and the number of such appli-
cations is still growing. 
The use of membrane processes for 
waste purification is gaining consi-
derable attention. Among the availa-
ble membrane operations, the most 
promising in pollution abatement are 
electrodialysis (ED), reverse osmosis 
(RO), ultrafiltration (UF) and micro-
filtration (MF). 
At the El, a pilot plant was planned 
and constructed in order to allow the 
combinat ion of different types of 
ultrafiltration membranes. It combines 
eight tubular modules and one-spiral 
wound membrane module (Fig. 69). 
Ultrafiltration is a low pressure mem-
brane filtration process used for sepa-
rating macromolecules and suspen-
d e d sol ids from w a t e r . A semi-
permeable microporous membrane 
performs the separation. Water and 
low molecular weight solutes pass 
through the membrane and are 
removed as permeate. 
These membranes are genera l l y 
defined by their cut-off threshold, i.e. 
the smallest molecular weight compo-
nent retained at a given coefficient of 
retent ion, usually 0 . 9 0 , and the 
permeability, i.e. the flux of a compo-
nent through the membrane per unit 
of pressure. 
The permeability of the membrane is 
one of the most important primary 
considerations. High permeabilities 
lead to the po ten t ia l for h igher 
product fluxes. The water permeabi-
lities determined for each of the 
membranes under study were the 
f o l l o w i n g : 0 . 1 4 1 m3 m ' . h . b a r 
(tubular); 0 .091 m3 m'.h.bar (spiral-
polysulfone); 0 . 0 2 3 m3 m2 .h .bar 
(spiral-polyamide); 0.01 lm3m7.h.bar 
(spiral-polyamide A). 
For spiral-polyamide-membrane A, 
cut-off tests were run using 100 ppm 
and 3 0 0 ppm solutions of dextrans 
and polyethylene glycols (PEG) of 
different molecular weights. The best 
results were obtained with 300 ppm 
PEG solutions (Fig.70). 
At present, test are run with solutions 
of p o l y v i n y l a l c o h o l (PVA) and 
polyvinylalcohol copolymers, Elvanol 
T-66 and Elvanol T -25 , k ind ly 
supplied by DuPont. PVA is a high 
molecular we igh t polymer, often 
encountered in industry, which contri-
butes signif icant ly to the organic 
pollution load of industrial effluents 
such as those of finishing textile mills 
[BOD 200-3000 mg I'). 
One of the major goals of this work 
is to set up a membrane module se-
quence yielding permeate streams 
that can be recovered as process 
water running in parallel with pollu-
tion abatament and PVA recovery. 
The two types of modules suitable for 
textile industry waste water applica-
tion are tubular and spiral-wound. For 
these eff luents, the sp i ra l -wound 
modules seem to offer the best 
compromise between operabi l i ty , 
sur face-to-volume ra t io , power 
requirements and replacement costs. 
D e v e l o p m e n t of a n 
Atmospher ic Aerosol Tracer 
In the search for an appropr ia te 
aerosol tracer, chemiluminescent 
substances have been investigated. 
These can be detected at very low 
concentrations, using rather simple 
and inexpensive equipment to detect 
the light they emit when they undergo 
their spec i f i c chemi luminescent 
reaction. A "luminometer" was built, 
using a good photomultiplier with a 
l ow dark current and a pho ton 
counting unit. This luminometer was 
equipped with a special holder to 
al low for measuring the chemilumi-
nescence directly on a wettable filter 
disc of up to 47mm diameter. Thus, 
the tracer can be quantified directly 
on the filter on which the aerosol 
sample is obtained. 
Three substances, w h i c h have 
approximately equal chemi-lumine-
scence eff iciencies were chosen: 
luminol, lophine and lucigenine. So 
far, several experiments have been 
performed to test the photostability of 
luminol (5-amino-2,3-dihydro- l ,4-
phtalazinedione). For this purpose, 
glass plates, or paper filter discs, 
were impregnated with a defined 
amount of luminol and exposed to 
sunlight or to a xenon lamp, which 
was equipped with a pyrex filter to 
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Fig.70. Determination of the cut­off by plotting the intrinsic retention coefficient 
¡R') against the molecular weight. Membrane = Spiral­Polyamide A; Solution = 
PEG 300 ppm with molecular weight 200, 600,1000 and 2000 
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Fig.71. Decadic logarithm of the photon counts of the chemiluminescence of 10 
pmol of luminol as a function of irradiation time. The diagram suggests that two 
first­order reactions take place and that the luminol decomposes very rapidly. 
The first­order reaction constants are 0 . 0 5 5 2 7 min. ' and 0 . 0 1 0 9 2 min. ' , 
corresponding to half­lives of 12.5 min. and 63.5 min. respectively. Clearly, 
the lifetime or luminol irradiated by solar light is too short to be suitable for even 
short­range tracer experiments. 
produce a spectrum similar to that of 
sunlight at ground level. 
At first, the UV absorption spectra of 
i r r ad ia ted samples we re , after 
redissolving in methanol, compared 
to those of standards. Amounts of 
100 μg were irradiated for up to 43 
h, and no change was to be seen in 
the spectrum. W i t h only 2 μg of 
luminol being irradiated, the spectrum 
had changed slightly after 7 h of 
sunl ight i r rad ia t i on and more 
pronouncedly after a 73 h exposition 
to the xenon lamp. The UV absor­
ption spectrum is not very characte­
ristic for a specific substance, i.e. a 
small change in the molecule might 
not show in the spectrum. Anyway, 
these results did not point toward a 
rapid decomposition of luminol, i.e. 
at least for a regional experiment, it 
still seemed stable enough. 
For a comparison of the chemilumi­
nescence intensities of irradiated and 
non­irradiated samples, 10 pmol, 
equivalent to 1 .77 ng of luminol, 
adsorbed on a paper filter, was 
exposed to light. In contradiction to 
the previous results, these measure­
ments demonst ra ted a loss of 
chemiluminescence intensity with 
increasing irradiation time Fig.71). 
The absolute counts obtained from 
10 pmol of luminol differ from day to 
day, because the reagents used to 
trigger the chemiluminescence have 
to be prepared freshly every day. The 
3σ de tec t ion l imit ach ieved for 
luminol is about 1 .2 pg. 
One suggestion to explain these 
results is that the observed photo­
chemical changes are only minor 
modifications of the molecule, which 
are not visible in the UV spectrum, but 
great ly reduce the chemilumine­
scence efficiency. Also the amounts 
used for chemiluminescence measure­
1 1 
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ments are by a factor of 1,000 lower 
than those used for the comparison of 
the UV spectra, which may result in 
d i f fe rent k inet ics of the photo-
reactions, as these occur mainly on 
the surface of the material, where the 
light intensity is highest. The impor­
tance of this becomes evident when 
the results of the spectra comparison 
of 100μg and 2μg are considered. 
Inhibition of the chemiluminescence 
by a product formed under irradiation 
is not very likely, as fresh luminol 
added to an irradiated sample shows 
no significant difference in lumine­
scence intensity. Anyway, it is clear 
that luminol is not fit for use as an 
outdoor aerosol tracer. The other two 
chemiluminescent substances, lophine 
and lucigenine, are still to be tested. 
Parellel to the work described above, 
the idea of using gold as an aerosol 
tracer arose. Being a rare element 
(~4 ppb mean crust concentration), 
gold can be expected to have a low 
b a c k g r o u n d in the a tmospher ic 
aerosol as well. Gold can be detec­
ted very sensitively by means of laser 
fluorescence. A detection limit in the 
lower femtogram range is achieved. 
The amount of go ld on 1 1 filter 
samples of atmospheric aerosol, has 
been measured and a mean of 1 1.2 
pg m'3 with a standard deviation of ± 
6.9 pg m3was observed. 
Clearly, this is still a relatively high 
a n d , most impor tant ly , v a r i a b l e 
background, but it might be possible 
to separate the "tracer gold" from the 
natura l g o l d b a c k g r o u n d . The 
backg round g o l d is l ikely to be 
present as an oxide, whereas the 
tracer could be , for example , a 
Fialide. This halide can be atomized 
at a lower temperature than the oxide 
and thus can be separated from the 
background. Tests wi th go ld are 
planned for 1994. 
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4. Third Party Work 
In the course of the year, the amount 
of work performed on behalf of third 
parties has decreased, due to the 
fact that negotiations for new con-
tracts of high relevance in terms of 
both the staff and budget involved 
and scientific/technical content have 
been started. As a consequence com-
mitments for contracts of lesser 
significance in the interim would have 
h indered further progress in the 
ongoing negotiations and the possi-
bility of performing the more impor-
tant work in the future. 
Fig. 72. The JRC mobile laboratory located near an air quality monitoring 
station of the Regione Lombardia at Bergamo. 
Fig. 73 - Comparison of hourly N02 concentrations at the JRC and the station 
shown in Fig. 72. 
As in the past, most of the Third Party 
work has concerned issues in the 
area of air and water pollution and 
analytical services. 
In the fol lowing sections, only the 
achievements related to the most 
significant contracts will be summa-
rized. 
Atmospheric Pollution 
The three-year contract wi th the 
Regione Lombardia includes consul-
tant support to regional authorities on 
air quality problems and the valida-
tion of some air quality monitoring 
stations in the regional sub-networks. 
In July 1993, the validation of 45 
monitoring stations of the regional 
network was completed.(Figs.72- 73) 
Within the framework of the research 
contract with CNR/ENEL on "Chemi-
cal and Physical Aspects of the Atmo-
spheric Pollution", ground-level ozone 
data recorded at 17 stations distribu-
ted at different altitude in the pre-
Alpine and Alpine regions in Italy, 
Swi tzer land (Ticino) and Austria 
¡Tyrol), have been col lected and 
organized in a database. The ozone 
patterns at different sites and altitude 
have been analysed. 
Studies on the role of N 0 3 radicals in 
tropospheric chemistry have been 
conducted with the main accent on 
the oxidation of DMS. The results are 
described in the sections dedicated 
to the l abo ra to ry studies of 
tropospheric chemistry 
ENRESA 
Within the context of the contract 
with Empresa National de Residuos 
Radioactives S.A., cross-hole migra-
tion tests were performed between 
two boreholes connected by a fractu-
Third Party Work 
re in the granite aquifer of the El 
Berrocal site. The suitabil i ty of a 
natural isotopie tracer (79Br) as a 
hydrological marker of groundwater 
movement, was evaluated on the 
basis of laboratory and field tests. 
This new techn ique for t rac ing 
groundwater movement was compa­
red with a fluorescent dye method. 
The natural isotopie ratio of 79Br/8lBr 
is altered by the injection of a con­
centrated pulse of 79Br', and the 
breakthrough of b romide ions is 
followed by measuring the variation 
of the isotopie ratio in the recovery 
borehole by ICP-MS. A two-step 
approach was chosen: 1) a first 
preliminary test demonstrating the 
feas ib i l i ty of using the enr iched 
isotopie tracer technique for in situ 
tests; and 2) a second test directed at 
characterizing the permeable system 
and at obtaining the hydrodynamic 
parameters of the f rac tu re . The 
natural isotopes of bromine are 79Br 
and 8'Br, with a relative composition 
of 5 0 . 5 7 % and 4 9 . 4 3 % , respec­
tively. The spike solution was prepa­
red from a 'gBr-enriched KBr salt 
(94.1%). The concentration of bromi­
de ions in the groundwaters at the 
experimental site was in the order of 
10 to 9 0 ppb. 
Small-scale laboratory inf i l trat ion 
exper iments, w i th gran i te co red 
columns and repacked columns of 
crushed grani te, showed that the 
change of the natural isotopie ratio 
79Br/81Br with time can be used to 
monitor the tracer breakthrough. 
Compar ison was also made with 
other non-sorbing tracers, such as 
tritiated water, chloride and iodide. 
Small differences in travel time of 
ha l ides were asc r ibed to an ion 
exclusion and ion size effects. The in 
situ migration test data demonstrated 
the feasibility of the technique for 
monitoring groundwater movement 
without altering the geochemistry of 
the site. 
Field tests w i th non-conservat ive 
tracers are also planned. Selenium 
has been chosen as a possible non-
conservative tracer for the following 
reasons: it is a natural constituent of 
the groundwater at the test site (thus 
no foreign substances have to be 
added); the isotopie water tracing 
technique can be used by injecting 
the non-radioactive 74Se isotope and 
monitoring the change of the natural 
isotopie rat io 7 4Se/7 8Se (this wi l l 
permit a d is t inct ion between Se 
present in the groundwater and Se 
moving as a tracer); and hexavalent 
Se interacts weakly with minerals, 
thus allowing a field migration test to be 
performed on a reasonable time- scale. 
Water Quality 
The avai labi l i ty of the El scientific 
experience in setting up safeguarding 
p lans a n d prevent ion po l lu t ion 
schemes for the rational management 
of sur face w a t e r b o d i e s was 
requested by the Italian Ministry of 
the Environment. 
A study, f i nanced by the I tal ian 
Min is t ry of the Environment was 
performed, in order to fill gaps which 
exist in knowledge of the limnologicai 
cond i t i ons of Lake C o m o . The 
enqu i ry , exam ined six p e l a g i c 
stations: Como, Argegno, Col ico, 
Menaggio, Lierna and Lecco. Seven 
on-the-spot inves t iga t ions we re 
carried out, in which 9 0 0 samples 
were collected and a total of over 
9 , 0 0 0 ana ly t i ca l determinat ions 
were made. 
The research concerned the main 
ecosystem components: 
- chemical characteristics of river 
waters; 
- physical, chemical and biological 
characteristics of the lake waters; 
- structure of the phytoplankton and 
zooplankton populations; 
- lake sediments, with reference to the 
content of eutrophicating substances, 
internal Ρ loadings, heavy metals, 
organochlorinated compounds and 
radionuclides. 
The elements which are useful in 
evaluating the quantity of the loads of 
eutrophicating substances generated 
in the catchment basin, were also 
collected and analysed, to provide 
the information needed to reconstruct 
the trophic evolution of Lake Como 
waters. The picture which emerges 
from this research shows how the 
lake's actual trophic state is situated 
at the limit of eutrophy (Fig.74). 
Ma thema t i ca l models suggested 
scenarios for improving water quality 
as a function of possible and hypo­
thetical reductions in the phosphorus 
loads .The recovery times we re 
evaluated from the effective f low 
rates, i.e. the lake water stratification 
periods. Table 2 0 summarises the 
p red ic t ions on the evo lu t ion of 
concentrations in Lake Como waters. 
The first column indicates the average 
total phosphorus loads for the various 
objectives; the second column reports 
the system response times (to 95%) 
and the third column indicates the 
respective equil ibrium phosphorus 
concentrations. 
Lake Como will reach an equilibrium 
phosphorus concentration of 25 mg 
m3 in 12 years, assuming an external 
load of 3 7 9 tP y ' , starting from a 
concentration of 39 mg m'. A further 
reduction of the external load by 35% 
(to 2 5 0 tP y1), corresponding to a 
transient of 26 mg m', would result in 
an equilibrium concentration of 16 
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mg m3, reachable in about 1 8 years. 
This concentration should be assumed 
as a reasonable final clean­up goal 
for Lake Como because it would be 
very difficult to go below the load 
i nd i ca ted a b o v e ( 2 5 0 tPy"'), 
considering the large surface of the 
drainage area and the very disperse 
distribution of the large numbers of 
people living in the more mountai­
nous part of the area. Table 20 also 
indicates the objectives which could 
be reached for the three basins, i.e. 
concentrations of 22 mg m3 for the 
western basin, 16 mg m3 for the 
eastern basin, and 14 mg m'3 for the 
northern basin. 
From the analysis of the da ta , it 
emerges that the western basin will 
respond to the clean­up action more 
slowly than the other basins, and thus 
this part of the lake wil l be more 
sensitive to pollutant loads. 
Whole lake 
Western basin 
Eastern basin 
Northern basin 
PHOSPHORUS LOADS 
FOR VARIOUS 
OBJECTIVES 
(tP ­ Y') 
A 
379 
166 
40 
225 
Β 
250 
. 
C 
190 
95 
35 
1 13 
RESPONSE TIME 
(Years) 
tl/2 
7.7 
8.0 
6.0 
7.7 
»Ρ 
1.52 
1.93 
1.56 
1.10 
τ 
(min­max) 
1 2 ­ 18 
1 5 ­ 2 6 
1 0 ­ 12 
9 ­ 1 1 
CONCENTRATION OF Ρ IN 
THE LAKE AT EQUILIBRIUM 
(mg­ m3) 
A' 
25 
34 
17 
25 
Β' 
16 
(22) 
(16) 
(14) 
C* 
14 
19 
15 
12 
A : actual load, initial concentration of 39 mg m3 (whole lake), 5 0 mg m3 (western basin), 
33 mg m3 (eastern basin), 31 mg m3 (northern basin). 
B : load reduced by 35% with respect to 1 9 9 2 , initial concentration in the lake of 26mg m3 
C : load halved with respect to 1992, concentration in the lake ot 20 mg m'3. 
A' : equilibrium concentrations with respect to the loads listed in A. 
B' : transient concentrations with a total Ρ load of 2 5 0 t y ' . 
C' : equilibrium concentrations with the loads halved with respect to 1 9 9 2 . 
Table 20. Scenarios of phosphorus load reduction in lake Como. 
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N A 
Como Basin 
Hg 
mg/kg d. m. 
(0.07­1.89) 
X = 0.64 
< 0 . 3 
0.3-0.5 
0.5-0.7 
0.7-0.9 
0.9-1.2 
> 1.2 
River Cosia 
Fig. 75. Spatial distribution of Hg in the Southern­west part of lake Como. 
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Fig. 76. Temporal development of metal deposition on the lake bottom. 
This p red i c t i on mode l should 
contribute to α revision of the interme­
diate and f inal object ives of the 
1984 Water Clean­up Plan of the 
Lombardy Region, which used, with 
the "co ld" planning approach, to 
indicate an intermediate objective of 
14.1 mg m3 and a final objective of 
9.4 mg m3. 
Work in the context of the contract 
a g r e e d in l 9 9 2 w i th A z i e n d a 
Comasca Servizi Municipalizzati di 
Como, has been completed. The 
inventory­taking of harmful substances 
present in the southern­west part of 
Lake Como, included the monitoring 
of the two major feedings rivers, 
the spatial distribution (Fig. 75) as 
well as the temporal development of 
metal deposition on the lake bottom 
(Fig. 76 ) , and the assessment of 
metal and nutrient fluxes across the 
sediment­water interface. 
In the f ramework of the contract 
agreed in I 9 9 2 with the Ital ian 
Research Counc i l r ega rd ing the 
Venetian Lagoon Project, work has 
cont inued to ana lyze the spatial 
distribution of metals, nutrients and 
organic micropol lutants, such as 
persistent o r g a n o c h l o r i n e com­
pounds, in the sediments of the 
Venice city channels. 
Surprisingly high concentrations of 
mercury up to 12 mg kg ' , cadmium 
up to 17.4 mg kg ' , and zinc up to 
2 ,889 mg kg ' , were found, as well 
as DDT and DDE, up to 233 and 76 
μg kg ' . PCBs were also present at 
remarkably high concentrations in 
several areas of the city. 
Numerous requests to assist national 
laboratory groups in their attempts to 
improve measurement quality were 
received. 
The contract ag reed 1 9 9 2 wi th 
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Regione Emilia Romagna for the 
organization of proficiency testing 
exercises of drinking water analysis 
entered into its second phase. Two 
further exercises were organized for 
some metals, such as Hg, Cd , Pb, 
As, Cr, Cu , Zn, and other com-
pounds, such as nitrates, sulphates, 
chlorides, phosphates and ammo-
nium. Laboratory responses were 
satisfactory for some of these, while 
others (Hg, Pb, Cd, As, N H / ) need 
further study. 
Ente Autonomo del Flumendosa, 
Cagliari agreed with the El a con-
tract for the organization of internal 
quality control for its own laboratories 
and the first exercises have been run. 
The competence of the El in the field 
of environmental reference material 
production prompted further requests. 
Two sludge materials and three soil 
materials were produced for different 
customers, intended for the certifica-
tion of metal contents. One sediment 
material intended for the testing of the 
European Procedure for sequential 
metal extraction has been produced 
for the University of Barcelona. 
The preparation of lichen reference 
material has been completed for the 
IGB Bern. 
The Research Counci l Institute of 
Pallanza requested the analysis of a 
second batch of 28 fish samples for 
mercury and other trace elements. 
This work was sponsored by the 
"Commissione Italo-Helvetica per la 
protezione delle acque comuni". 
Analytical Measurements and Quality 
Control 
In the context of in te rna t iona l 
collaboration concerning the BOREX 
exper iment at the Gran Sasso 
Underground laboratories, the specfic 
task of the El is the determination of 
ultratrace impurities in various mate-
rials. During this year, some of the 
measurements have been performed 
by using the ETV-ICP-MS technique. 
The advantage of the method is the 
possibility of the direct determination 
of the impurities in organic liquids 
and sol id samples, w i thout any 
treatment (chemical or preconcen-
tration). In this way, the risk of con-
tamination of the material is greatly 
reduced. 
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Act iv i t ies re lated to EUREKA 
environmental projects have been 
con t i nued . These have main ly 
concerned EUROTRAC and 
EUROENVIRON, i .e. the joint 
european research project on the 
impact of human act iv i ty on 
tropospheric chemistry, and the wide 
scope european pro jec t for the 
development of new technologies 
and processes for the protection of 
the environment. In the fo l lowing 
sections, the most significant achieve-
ments for the subprojects EUROTRAC 
/TRAC, EUROTRAC / LACTOZ and 
EUROENVIRON/MOBILE ANALYTI-
CAL LABORATORY will be summarized. 
EUROTRAC/TRACT -
TRANSALP 
Activities under the EUREKA-TRACT 
programme on atmospheric transport 
on complex terrains continued. No 
tracer release was carried out in the 
Transalp project (to test transport over 
the Alps), and activities were essen-
t ia l ly devoted to o rgan i z ing the 
database of the three earlier Transalp 
releases and data interpretation by 
mesoscale models. 
The data base, including the topogra-
phy, meteorological observations, 
measurements from aircraft and 
tracer concentrations at the ground 
samplers, has been completed for the 
three TRANSALP campaigns (October 
1 9 8 9 , September-October 1 9 9 0 
and September 1991) and is now 
available to the scientific community. 
It is hoped that this will encourage 
interpretative use and modeling work 
on the complex problem of meso-
scale air mass circulation in elevated 
mountainous areas. In Figs. 77a, b 
and c, the geograph ica l domain 
where the three campaigns were 
conducted is shown, together with 
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the tracer release locations and the 
main direction for tracer displacement. 
In order to determine the flow over 
the terrain during the experiment, use 
was made of information obtained in 
the meteorological measurements at 
ground level and of the wind profiles 
from the two SODAR. These data 
were introduced in a diagnostic mass 
consistent model , C O N D O R . The 
results of CONDOR are windfields 
sat isfying the mass conservat ion 
equation and the boundary conditions. 
The dispersion of the tracer was 
obtained by the recently improved 
model, MONTECARLO, which is a 
Lagrangian particle model for com­
plex terrain that is based on a recent 
quasi­homogeneous solution of the 
Langevin e q u a t i o n , su i tab le for 
convective atmosphers. The inputs for 
the mode l are the w i n d f i e l d s 
produced by CONDOR, the orogra­
phy of the domain considered, and 
information on turbulence that can be 
deduced from measurements. 
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Fig. 78. Tracer cloud evolution at 1 1:00 UTC, 29.9. 1990. 
Preliminary calculations have been 
performed that indicate that the main 
features of the cloud evolution are 
simulated by the coupled use of the 
two models. Figure 78 shows the 
posit ion of tracer particles in the 
Leventina valley, two hours after the 
beginning of the release and just 
after the end of emission period. 
EUROTRAC/LACTOZ 
The main objective of this project is to 
provide kinetic and mechanistic data 
for modell ing the chemistry of the 
troposphere. Laboratory studies have 
been continued on the oxidation of 
isoprene and aromatics.The results for 
1 993 are described in the fisrt sec­
tion of this report (Tropospheric Chemistry). 
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EUROENVIRON/Mobile 
Analytical Laboratory 
Wi th in the f ramework of Eureka 
Project EU674 (Advanced Mobi le 
Ana ly t i ca l Laboratory (AMAL) 
belonging to EUROENVIRON, two 
mobile units have been constructed 
for participation in monitoring cam-
paigns early in 1 9 9 4 . The AMAL 
combines the latest in analy t ica l 
techniques with sophisticated new 
methods of sample collection, sample 
holding and data transfer. 
The first field campaign, near Milan 
(Brembate), will provide the first test 
of the complete system under field 
conditions. 
The targets of the Brembate cam-
paign are: 
- in-f ield tests of t ranspor tab le 
instruments and of the mobile vans; 
- in- f ie ld compar ison of var ious 
analytical methods, in particular XR 
and ICP-MS for elements, GC and 
GC-MS for organic pollutants; 
- preliminary tests of in situ organic 
pollutant measurements, in particular 
the use of membrane introduction 
mass spectrometry; 
- verification of the teamwork, with 
specia l reference to the Qua l i t y 
Assurance procedures and their 
application to the AMAL staff. 
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ACE 
Aerosol Characterization Experiment 
ALVPD 
Air-to-Leaf water Vapor Pressure 
Deficit 
AMAL 
AdvancedMobileAnalytical 
Laboratory 
ASE 
Amplified Spontaneous Emission 
ATC 
Anatonical Therapeutic Code 
BEMA 
Biogenic Emissions in the 
Mediterranean Area 
BIBEX 
Biomass Burning Experiment 
BOD 
Biologic Oxygen Demand 
BTX 
Benzene, Toluene, Xylene 
CAS 
Chemical Abstract Service 
CB 
Chlorinated Biphenyl 
CCD 
Charge Coupled Device 
CCN 
Cloud Condensation Nuclei 
CD 
Criteria Document 
CDS 
Coding Decoding Software 
CEN 
European Standardisation Committee 
CF-FAB 
Continuous Flow - Fast Atom 
Bombardment 
CF-FAB-MS 
Continuous Flow - Fast Atom 
Bombardment - Mass Spectrometry 
CFN 
Swedish National Board for 
Laboratory Animals 
CIS 
Confederation of Indipendent States 
CMC 
Critical Micellar Concentration 
CN 
Condensation Nuclei 
CNR 
Italian Nationa Research Council 
CNRS 
French Nationa Scientific Research 
Counci 
COUPA 
Committee of the Association of 
Perfume, Cosmetic and Toiletry 
Industries 
CPN 
Cloud Processed Nuclei 
CSTR 
Continuous Stirred Tank Reactor 
DDT 
Dichloro Diphenyl - Trichloroethane 
DMS 
Dimethylsulphide 
DOAS 
Differential Optical Absorption 
Spectrometry 
DOC 
Dissolved Organic Carbon 
DOM 
Dissolved Organic Matter 
DU 
Dobson Unit 
DTA 
Differential Thermal Analysis 
EASOE 
European Arctic Stratospheric Ozone 
Experiment 
EC 
European Community 
ECA 
European Collaborative Action 
ECB 
European Chemicals Bureau 
ECDIN 
European Chemical Data Information 
Network 
ECITTS 
ERGATT/CFN Integrated Toxicity 
Testing Scheme 
CD-ROM 
Compact Disc - Read Only Memory 
DDE 
Dichloro Diphenyl - Ethylene 
ECPHIN 
European Pharmaceutical Information 
Network 
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ECURIE 
European Community Urgent 
Radiological Information Exchange 
system 
ECVAM 
European Centre for the Validation of 
Alternative Testing Methods 
ED 
Electro Dialysis 
El 
Environment Institute 
EINECS 
European Inventory of Existing 
Chemical Substances 
EFTA 
European Free Trade Area 
EIPO 
European IGAC Project Office 
EMEA 
European Medicinal Evaluation 
Agency 
EMEP 
Evaluation Monitoring European 
Pollution 
ENEL 
Italian Electricity Board 
ENRESA 
Empresa National de Residuos 
Radioactives S.A. 
EOWAS 
European Office for Wine Alcohol 
and Spirit drinks 
EPA 
Environmental Protection Agency 
ERGATT 
European Research Group for 
Alternatives in Toxicity Testing 
ETEX 
European Tracer Experiment 
EUCLID 
European Chemicals Inventory 
Database 
ETV-ICP-MS 
Electro Thermal Vaporisation -
Inductively Coupled Plasma Mass 
Spectrometry 
EU 
European Union 
EWC 
European Waste Catalogue 
EXAFS 
Extend X-ray Fine Structure 
FAB 
Fast Atom Bombardment 
FAB-MS 
Fast Atom Bombardment - Mass 
Spectrometry 
FAO 
Food Agricultural Organisation 
FCM 
Flow Cytometry 
FRAME 
Fund for the Replacement of Animals 
in Medical Experiments 
GC-ECD 
Gas Chromatography - Electron 
Capture Detector 
GC-MS 
Gas Chromatography - Mass 
Spectrometry 
GIS 
Geographic Information System 
GLOCHEM 
Global Atmospheric Chemistry survey 
HA 
Humic Acid 
HEDSET 
Harmonized Electronic Data Set 
HPLC 
High Performance Liquid 
Chromatrography 
HS-GC 
Head Space - Gas Chromatrography 
HS-SPME 
Head Space - Solid Phase Micro 
Extraction 
HTAB 
Hexadecyl Trimethyl Ammonium 
Bromide 
HTO 
Tritiated Water 
IAEA 
International Atomic Energy Agency 
ICSE 
International Chemical Safety Card 
ICP-MS 
Inductively Coupled Plasma - Mass 
Spectrometry 
IDA 
Interchange of Data between 
Administrations 
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IGAC 
International Global Atmospheric 
Chemistry 
IMAD 
Integral Model for Aerosol Dynamics 
IR 
Infra Red 
ISO 
International Standards Organisation 
IT-MS 
Ion Trap - Mass Spectrometry 
JRC 
Joint Research Centre 
KIAE 
Kurchatov Institute of Atomic Energy 
LDH 
Lactate Dehydrogenase 
MAGE 
Marine Aerosol and Gas Exchange 
MBL 
Marine Boundary Layer 
MF 
Micro Filtration 
NACE 
Genera Nomenclature of the 
Economical activities of the European 
Community 
NARE 
North Atlantic Regional Experiment 
NCD 
New Chemical Database 
Nd-YAG 
Neodymium - Yttrium Aluminium 
Garment 
NH 
Northern Hemisphere 
NILU 
Norsk Institut Luftorskning 
NMR 
Nuclear Magnetic Resonance 
NR 
Neutral Red 
NRU 
Neutral Red Uptake 
OA 
Okadaic Acid 
PAN 
PeroxyAcetyl Nitrate 
PCB 
Poly Chloro Biphenyl 
PEG 
Polyethilene Glicol 
PFC 
Per Fluoro Carbon 
PM 
Particulate Matter 
POM 
Particulate Organic Matter 
PUF 
Polyurethane Foam 
PVA 
PolyVinyl Alcohol 
QSAR 
Quantitative Structure Activity 
Relationship 
REM 
Radioactive Environmental M 
RF 
MILOX 
Mid - Latitude ecosystems as sources 
and sinks for atmospheric Oxydants 
MITO 
Microphyte Toxins 
MS 
Mass Spectrometry 
MSA 
Methane Sulphonic Acid 
OECD 
Organisation for Economic 
Cooperation and Development 
OEL 
Occupational Exposure Limit 
OPC 
Ordinary Portland Cement 
OSI 
Open System Interconnection 
Relative Fluorescence value 
RNA 
Ribonucleic Acid 
RO 
Reversed Osmosis 
SDS 
Sodium Dodecyl Sulphate 
SERS 
Surface-Enhanced Raman Scattering 
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SESAME WRAC 
Second European Stratospheric Arctic W ide Range Aerosol Classifier 
Mid-latitude Experiment 
XRD 
SFE X-ray Diffraction 
Supercritical Fluid Extraction 
SPC 
Summary of Product Characteristics 
SPM 
Suspended Particulate Matter 
SPME 
Solid Phase Micro Extraction 
SVOC 
Semi Volatile Organic Compound 
TDL 
Tunable Diode Laser 
TRAGEX 
Trace gas exchange 
TVOC 
Total Volatile Organic Compound 
UF 
Ultra Filtration 
UHT 
Ultra High Temperature 
UNEP 
United Nations Environmental 
Program 
UV-B 
Ultra Violet- Β 
VOC 
Volatile Organic Compound 
VSC 
Volatile Sulphur Compound 
W H O 
World Health Organisation 
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European Commission 
EUR 15965 - Environment Institute - Annual Report 1993 
G. Rossi, G. Real in i 
Luxembourg: Office for Official Publications of the European Communities 
1994 - 140 pp. - 21.0 χ 29.7 cm 
Environment Quality of Life series 
ISBN 92-826-9075-X 
The Annual Report of the Environment Institute of the Joint Research Centre 
summarizes the major achievements in the projects developed in the course of the year 
1993 as a part of the three year (1992-1994) multiannual research programme of the 
Joint Research Centre. 
The Institute's efforts have been addressed essentially to the implementation of the 
specific programme "Environmental Protection" with emphasis on issues related to 
Global Change and to Environmental Chemicals, and have concerned air and water 
pollution, indoor air pollution, chemical waste, food & drug analysis, evaluation of 
chemicals. 
Large space is reserved to the description of the progress accomplished in the 
activities as scientific and technical support to the Commission's Services which are 
assuming a steadily increasing significance in the Institute's programmes for what it 
concerns the support to the General Directorate XI (Environment, Nuclear Safety and 
Civil Protection). 
This has concerned the areas of chemicals, air and water pollution, chemical waste, 
radioactive environmental monitoring and the validation of toxicity testing methods 
alternative to those implying the use of animals. 
The report is completed by sections summarizing the achievements in the framework of 
the exploratory research, of the participation into EUREKA projects as well as of the 
contractual work for third parties, and with most relevant data concerning the Institute 
structure and financial resources. 
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